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CHAPTER I 
INTRODUCTION 
Purpose of the Study 
Weight traintng is a physical activity about which there is 
considerable controversy. One proponent of weight training is Bob 
Hoffman, who states: 
Barbell training has long been proven to be a superior form of 
physical training, not only the best way to build strength and 
muscle but a means of building internal strength as well. 
Stronger functional and organic action, stronger hearts, 
stronger lungs, better acting kidneys, liver, better digestion, 
superior assimilation, perfect elimination are the certain and 
prompt result of progressive barbell training.l 
Another proponent, Jim Murray., in citing weight training as a leading 
form of physical activity in America, writes that 11weight training will 
improve an athlete's abilities at his favorite sports by increasing 
his strength, ruggedness and endurance. 11 2 Some physiologists, as well 
as some athletic coaches and physical educators, take an opposite view. 
They feel that the cumulative effects of weight training on the human 
body are of little or no benefit and that, from a standpoint of physical 
performance, these effects are detrimental. While not subscribing to 
their point of view, Dr. James Counsilman states their case clearly when 
he says: 11Many physical educators deplore the inclusion of weight 
. lBob Hoffman, Simplified System of Barbell Training ·(York, 
Penn~ylvania: York Barbell Co., 1941), p. 5. 
2Jim Murray, Weight Lifting (New York: The Ronald Press co., 
1954) ' p . 17. 
·i 
training in their programs for three reasons, (1) it causes muscle 
boundness, (2) it slows the athlete, (3) it ruins coordination and 
agi 1 i ty . 1!1 
2 
Some stature was given this school of thought with the opinion 
voiced by Dr. Arthur Steinhaus in 1938 when he wrote: 11The difficulty 
with weight lifting is that it develops the skeletal musculature out of 
proportion to the heart. 112 Steinhaus is suggesting that the increased. 
skeletal muscle bulk brought about through weight lifting with no 
commensurate increase in heart size, in effect, places a greater load 
on the heart. From a standpoint of circulo-respiratory endurance, 
then, weight lifting would appear to have adverse effects. Though 
there is a distinction made between weight lifting and weight training, 
it should be pointed out here that the bodily effects of both are 
generally accepted to be the same. 
Or. Peter v. Karpovich, an outstanding exercise physiologist 
quoted in the same publication as Steinhaus, observed that apparently 
t~when men begin to lift excessively heavy weights, they develop 
enormous muscles, which are of limited use to the man, and cause him 
to be muscle bound. 1r3 
lJames Counsilman, 11Does 'Weight Training Belong in the Program?rt, 
Journal of Health, Physical Education and Recreation, XXVI (January, 
1955), p. 17. 
2Arthur Steinhaus cited in George Gillesby, 11The Physiologists 
Speak on Weight Lifting, 11 Journal of Physical Education, XXXVI 
(September-October, 1938), p. 16. 
3peter v. Karpovich cited in Gillesby, loc. cit., p. 16. 
3 
Empirical observations like those by Steinhaus and Karpovich 
have been accepted without question by many coaches and physical 
educators. 
In recent years much unfounded information and many empirical 
conclusions drawn about weight training have been subjected to scien-
tific scrutiny. Results have tended to increase the stature of weight 
training as a physical activity because, in many instances, long 
acc~pted ideas and empirical observations critical of the activity have 
been proven false. 
An example of such research is a recent series of studies done 
by James Counsilman, in wnich three weight lifting champions were 
tested and found to be considerably above average in three tests of 
flexibility devised by Dr. Thomas K. Cureton. The flexibility of 
fifteen other competitive lifters was also measured by the same three 
tests of flexibility with the same resul~s.l 
In a study by W. s. Zorbas and Peter v. Karpovich the effect of 
weight training on the speed of muscular contractions was tested. 
The:study concludes: 
The findings of this study appear to be contrary to the common 
opinion of coaches, trainers and others associated with physical 
education who believe that weight training will slow the athlete. 
On the basis of obtained data, it is evident that the weight train-
! ing group was faster in their rotary motions of the arms than the 
·, non-1 i fters. 2 
lcounsilman, loc. cit., p. 17. 
i 2w. s. Zorbas and Peter V. Karpovich, 11The Effect of Weight U·fting 
Upoh the Speed of Muscular Contraction, 11 The Research Quarterly, XXII 
(May, 1951 ), p . 148. 
4 
B. M. Wilkins, too, demonstrated experimentally that training 
in weight lifting does not slow the speed of movement 1, and Or. J. w. 
Masley showed that a greater increase in speed and coordination results 
from weight training than from volley ball .2 This is but a part of 
the research of the last few years that has led to a greater accep-
tance of weight training as a physical activity. 
An important problem which has not been adequately investigated 
is that concerning the effects of weight training on circulo-respiratory 
endurance. Though some study of both a scientific and empirical nature 
has been given to this problem, the work has been superficial and con-
flicting. 
The major problem with which the writer is concerned is to deter-
mine the effects of weight training on circulo-respiratory endurance 
and on some physiological factors which are indicative of circulo-
respiratory efficiency, upon which circulo-respiratory endurance depends. 
A second aspect of the problem arises in the writer's use of 
two different systems of weight training in this study. An accepted 
postulate in weight training states that low repetition-high resistance 
exercise systems develop primarily muscle strength, and high repetition-
low resistance exercise systems develop primarily muscle endurance. 
Results of recent research by Or. Edward K. Capen have been consistent 
with this belief to the extent that a low repetition-high resistance 
ls. M. Wilkins, 11The Effect of Weight Training on Speed of Move-
ment," The Research Quarterly, XXIII (October, 1952), p. 368. 
. 
2J. w. Masley, ~~eight Training in Relation to Strength, Speed, 
and Coordination, 11 The Research Quarterly, XXIV (May, 1953), p. 315. 
5 
syitem developed strength to a greater degree than did a high 
repetition-low resistance system. The significant finding by Capen, 
however, is the fact that the difference in strength development be-
tween groups using a loW··repetition-bigh resistance system and a high 
repetition-low resi~tance system was negligible. 1 In the light of 
this evidence, the possibility arises that a high repetition system 
may be more efficient than the low repetJtion system from a standpoint 
of its collective effects on both muscle strength and muscle endurance. 
Since, as Dr. c. H. McCloy points out, both muscle strength and muscle 
endurance are important factors in circulo-respiratory endurance,2 it 
should follow that the high repetition-low resistance weight training 
system, which is believed to be superior in developing muscle endurance, 
would probably be the more effective in developing circulo-respiratory 
endurance. To test this hypothesis the various endurance effects of 
low and high repetition weight training systems need be investigated. 
The purpose of this aspect of the problem is to determine whether a low 
re~etition-high resistance weight training system is inferior or supe~-
ior to a high repetition-low resistance weight training system in terms 
of its effects upon circulo-respiratory endur.ance. 
1Edward K. Capen, 1 ~ Study qf Four Programs of Heavy Resistance 
Exercises for the Development of Muscular Strength11 (unpublished Ph.D. 
dissertation, State University of Iowa, 1954), p. 17. 
2c. H. McCloy, "Endurance,' 1 The ·Physical Educator, V (March, 
1948), p. 9. 
!I 
:-, 
6 
Need for the Study 
Because most present beliefs for or against weight training are 
held without scientific basis, an intensjye scientific investigation of 
the activity would be beneficial. The fact that recent weight training 
research has shown some widely accepted ideas to be erroneous apparently 
underscores the need for more research i~ this area. 
Results of scientific research, and even empirical views, about 
the effect of weight training on circulo-respiratory endurance in 
particular, have been conflict1ng. 
McCloy believes it is in the use ~f weight training at home that 
this activity will have its most valuable application. 1 Weight training 
requires little time and space. In this senie its potential as a physi-
cal activity is very great. Whether weight training is sufficient in 
(tself to be the panace~ some believe it to be for remaining physically 
fit remains unproved. Since circulo-respiratory endurance is a primary 
factor in physical fitness, it would seem apparent that little general-
izing about the effects of weight training on physical fitness can be 
done until its effects on such primary factors in physical fitness as 
circulo-respiratory endurance are understood. 
It is important that athletic coaches, who are constantly seeking 
new and more efficient training methods, be scientifically oriented 
about the possibil i·ties of weight training as a means of conditioning 
athletes for various sports. The practice of using weight training as 
lMcCloy cited in Jim Murray and Peter V. Karpovich, Weight 
Training in Athletics.(Englewood Cliffs, New Jersey: Prentice-Hall, 
Inc., 1956), p. 24 . 
.. 
7 
a means of conditioning athletes is increasing. The wise use of 
conditioning by weight training is contingent· upon an understanding of 
the effects of weight training on such primary conditioning factors as 
circulo-respiratory endurance. 
There is a need, too, for a wider scientific,·basis in the selec-
tion of weight training systems for bringing about specific structural 
and physiological changes in bodily ·development. 
Definition of Terms 
Weight Lifting: A systematically planned program utilizing three 
basic exercises in which a barbell is lifted with maximum weight a 
maximum of one repetition. 
Weight Training::A systematically planned program of progressive 
resistance exercises in which pa~ticipants use barbells and dumbbells. 
In each exercise, of which there may be a wide variety, the weight is 
lifted for one or more repetitions. 
Circulo-Respiratory Endurance: Endurance is defined by Dr. 
Laurence E. Morehouse and .Dr. Augustus Miller as the ability to sustain 
prolonged activity. 1 Circulo-respiratory endurance refers to an ability 
to sustain prolonged activity in which the efficiency of circulo-
respiratory mechanisms are the primary limiting factors. For purposes 
of this experiment, an individual 1 s ability to sustain activity (ped-
dling a bicycle ergometer at a pre-determined rate and against a 
1Laurence E. Morehouse and Augustus Miller, Physiology of 
Exercise (2d ed.; St. Louis: c. V. Mosby Co., 1953), p. 227. 
"I 
'·l 
8 
pre-determined resistance) until his heart realh~s a 180 beat per minute 
level will be called circulo-respiratory endurlnce. 
Related Physiological Factors: Specific ltructural features and 
physiological responses which are indicative o~ an individual's ability 
to sustain prolonged activity of the type mentioned above. The factors 
with which this study is,concerned are: 
I 
I 
1 . Body fat. 
2. Circulatory efficiency. 
3. Respiratory efficiency. 
4. Skeletal muscle girth.· 
5. Skeletal muscie streng~h. 
Limitations of the Study 
1. This study was conducted with sixty male freshmen, all of 
whom were eighteen to nineteen years of age. 
2. Although all subjects agreed to abi ~by explicit personal 
conduct rules during the study, it was not poJsible to directly supervise 
I 
the living p~actices of the subjects. 
/ 
CHAPTER II 
REVIEW OF THE LITERATURE 
Literature Concerning Circulo-Respiratory Endurance 
As recently as 1947 Dr. Thomas K· Cureton, exercise physiolo-
gist, made the following statement ab6ut weight training: 
It ls unquestionably a good body builder for young men but 
seems to be worth very little for the improvement of cardio-
vascular condition or agility. . More research is 
needed to determine the effects upon circulo-respiratory 
condition, flexibility, speed and various physical aspects. 1 
Though a dearth of scientific data still exists, some begin-
ning has been made in the investigation of the problem concerning 
the effects of weight training on circulo-respiratory condition. 
Three studies dealing with the problem are reported in the literature. 
Unfortunately, the conclusions of the investigators are conflicting~ 
Arthur L. Wilson, using an all-out treadmill run as a measure of 
circulo-respiratory endurance, found that a group of college students 
who trained with. weights for a period of twelve weeks showed an average 
decrease in treadmill running time of 11.15%. A parallel group of con-
trol subjects who participated in volleyball classes following the 
lThomas K· Cureton, Physical Fitness Appraisal and Guidance 
(St. Louis: c. v. Mosby co., 1947), pp. 359-360. 
9 
10 
initial test experienced a decrease in treadmill running time of one 
percent in comparing the initial and final tests. l 
Though the percentage decrease of neither group was significant, 
Wilson was led to conclude that weight training had a detrimental effect 
on circulo-respiratory condition.2 This investigator qualified his 
conclusion somewhat by pointing to an inherent weakness in his method 
of testing circulo-respiratory condition. He states that 11the all-out 
treadmill run is a very fatiguing test and many men are prone to quit 
runrling on the retest because of the discomfort involved. A few of 
i 
the 'men got sick at the end of the first run and feared a 1 ike conse-
quence on another trial. This definitely affected the run .... 1t3 
In a study conducted by Edward K. Capen, the time of a 300-yard 
run was used as a measure of circulo-respiratory condition. In Capen 1s 
research design, a control group and an experimental group of college 
students were employed. Following the administration of an initial test 
the experimental group trained with weights three times per week for 
eleven weeks. The control group participated in a very strenuous physi-
cal conditioning program for the same length of time. Capen found that 
the average 300-yard run time for the experimental group improved 6.2% 
whiJe that of the control group improved 6.3%- The investigator con-
cluded that weight training was as effective in the development of 
lArthur L. Wilson·,~ 11The Effects of Weight Training on the P~ysical 
Fitness of Young Men 11 (unpublished M.S, thesis, University of Illinois, 
1947) ' p . 96 . 
2 I b i d . , p . l 09 . 
31bid., p. 111. 
" 
r 
1 ~: ·*"'!f.~ ·"":"--·••'. ': 
I 
1 1 
i 
circulo-respiratory endurance as was the program of the control group 
which especially emphasized these endurance elements.l 
Dr. Donald B. Swegan compared the effects of training using iso-
tonic and isometric muscular contractions in the development of circulo-
respiratory endurance and speed of movement. The isotonic muscular 
training involved the use of a weight training program. This investiga-
tion employed sixty college freshmen in the study, and Swegan equated 
the sixty subjects into two groups on the basis of preliminary tests of 
endurance and speed of movement. One group participated in a weight 
training program using isotonic contractions and the other group trained 
using isometric muscular contractions. The study was conducted over a 
period of ten weeks. 
Swegan's test of circulo-respiratory endurance was an all-out run 
on a bicycle ergometer. The test was terminated when the subjects were 
no l0nger able to maintain a prescribed pedd)ing rate on the bicycle. 
This was taken as each individual •s point of physical exhaustion. Swegan 
found that the mean peddling time of the weight training group was in-
creased in the final test, but the difference in the mean peddling time 
between the initial test and the final test was not significant. 2 
The basic problem remains unresolved. Two investigators report an 
increase in circulo-respiratory endurance being effected by weight 
]Edward K. Capen, 11The Effect of Systematic Weight Training on 
Power, Strength and Endurance,•• The Research Quarterly, XXI (May, 
1950), pp. 83-93-
2Donald B. Swegan, 11The Comparison of Static Contraction with Stan-
dard Weight Training in Effect on Certain Movement Speeds and Endurances 11 
(unpublished Ed.D. dissertation, Penns~lvania State University, 1957). 
--
12 
tr~ining and one investigator reports a decrease in circulo-respiratory 
en~urance effected by weight training. 
That the method of measuring circulo-respiratory endurance may be 
a f.actor contributing to the inconsistency of the findings was suggested 
. by !Wilson. 1 A publication from Pennsylvania State University gives 
recognition to this same possibility in testing all-out physical per-
formance. The publication, in duscussing the results of a number of 
co~pleted studies on weight training, states: 
0Ae defect which stands out in all these studies is the subjectivity 
of any strength or endurance measure. Whether maximum strength or 
maximum endurance be measured by tensiometer or a dynamometer, by 
weight lift~ or by persistence on a bicycl~, the subject 1 s maximum 
is affected by his degree of motivation, his background of punish-
ing experience and his wi 11 ingness to endure the pain of all-out 
effort. 2 
It would seem that further research, taking cognizance of the 
li~ita~ions of these previous studies, is necessary in investigating the 
effect of weight training on circulo-respiratory endurance. 
) 
There is also an apparent difference in empirical views expressed 
inl literature dealing with this subject. Arthur Steinhaus has suggested 
I 
that weight training decreases circulo-respiratory endurance because the 
increase. in the size of skeletal muscles resulting from weight training 
is not accompanied by a ·commensurate increase in the size and efficien-
cy of ci.rculo-respiratory mechanisms. In effect, the increased skele-
tal muscle would place a greater load on the circulo-respiratory system 
I lwilson, 
1 2studies on Strength Development, Maintenance and Related Aspects 
op. cit.., p. 111 • 
(Pennsylvania State University, 1958), p. 11. 
13 
and~ultimately decrease circulo-respiratory endurance. 1 An opposing 
argument made by c. H. McCloy points to muscle strength (which in-
creases in direct proport.ion to muscle size and which in turn is an 
undisputed effect of weight training) as being one of three factors 
necessary to develop circulo-respiratory endurance. Increases in 
strength as McCloy points out, would occasion fewer muscle fibers being 
used by an individual during a given bout of exercise. This being the 
cas.e, the onset of fatigue _in muscles should be delayed, thereby de-
creasing the demand on ~irculo~respiratory mechanisms and prolonging 
the period over which physical .activity could be continued.2 
Literature Concerning Factors Related To 
£irculo-Respiratory Endurance 
McCloy published a paper in which he analyzed some of the import-
ant .. fC~ctors dealing with the whole problem of circulo-respiratory 
i 
enq~rance. He draws the following conclusions about muscular function 
i 
in ~ndurance: 
I 
1. An increase in muscular strength (by hypertrophy).wjll result 
in fewer motor uni.ts being required for lifting a given load; hence the 
smaller number of motor units may be alternated for a longer period.of 
time. 
2. Since overload for muscular endurance is commonly held to re-
I 
sult in the development of a more adequate blood supply to the muscle 
lsteinha,us, .cited in Gillesby, lac. cit., p. 16. 
2c. H. McCloy, uEndurance, 11 p. 9. 
14 
r 
as well as facilitate an increase in strength of the muscle, the 
greater oxygen supply should improve muscular endurance. 
3. Circulo-respiratory endurance may be increased by (a) increas-
ing:the strength and muscular endurance of the muscles concerned and 
I 
i 
by (b) improving by hypertrophy and increased capillary supply the 
strength and muscular endurance of the heart itse]f.l 
McCloy leads up to the very pertinent point in statement three, 
that the interd~pendent factors in circulo-respiratory endurance are 
muscular strength, muscular endurance and heart efficiency. 
Numerous studies have been completed in 'recent years indicating 
that weight training is a very effecti"ve means of increasing muscular 
str~ngth and muscular endurance, two of the three factors McCloy sug-
1 
' 
gests are involved in circulo-respiratory endurance. For example, in 
Capen's study cited earlier, the weight training group experienced a 
mean strength gain of 4.6% while the control group, participating in a 
vigorous conditioning program, showed a mean strength gain of 2.7'/o. 
The
1 
measure of strength used in this research was the Rogers Strength 
) 
lnd~x as revised by McCloy. The measures of muscle endurance were 
I 
chihning, push-ups, sit-ups, and squat jumps. In muscular endurance 
. ! 
the weight training group exhibited a mean gain of 21% while the con-
trol group showed a slightly superior mean gain of 24.5%. 2 
Swegan, in his research, tested the muscular endurance of his 
weight training group and his isometric contraction trained group and 
]Ibid., pp. 9-23. 
2capen, nThe Effect of Systematic Weight Training. . tt 
! 1"-
.15 
util.ized repetitive weight lifts as his measure of muscular endurance. 
In this testthe weight training group improved significantly as the 
composite endurance scores for eight tests produced a critical ratio of 
2.05:between preliminary and final t~sting. Their critical ratio was 
significant at the 5% level .1 
In a later study made by Cppen the effects of four different sys-
tems of weight training on strength were investigated. This research 
was conducted for. the specific purpose of determining whether one system 
was superior to others in developing strength. Capen used college stu-
dents as subjects and conducted the training program for twelve weeks 
I 
with subjects training for forty minutes, three times per.week. 
Subjects in what was found to be the superior system in increasing 
strength showed a mean strength gain of 21%. Subjects participating in 
what was deemed the leas.t· effective system in increasing strength showed 
2 a mean.strength gain of 19.~/o. 
A study py Houtz, P~n:-ri sh and He llebrandt on .the influence of 
heavy resistance exercise on strength revealed th:at the ;5trength of 
sixteen females more than doubled in a four week period.3 
Working with college subjects, J. w. Masley and others found that 
weight training increased strength significantly in at""! eight week train-
ing period; The strength measure used in this study was the Rogers 
lswegan, op. cit. 
2capen, nA Study of Four Programs •.• , 11 p. 18. 
i 3 . / Sara J. Houtz, Anne M. Parrish, and Frances A. Hellebrandt, 11The 
ln~luence of Heavy Resistance Exercises on Strength,u The Physiotherapy 
Review, XXVI (November-December, 1946), p. 304. 
' i 
I Strength Index: The strength gain in the training period produced a 
critical ratio of 11.35. A critical ratio of 2.69 was significant at 
the 1% level • l 
I 
16 
I jDr. Thomas L. DeLorme, who was one of the first to use and report 
on the use of weights, or heavy resistance exercises~ i.n physical rehat.; 
bilitation work, observed that the development of muscular hypertrophy 
was v~ry rapid in patients using heavy resistance exercises. He repor-
ted a~ much as two to two and one-half inches of hypertrophy in the 
thigh muscles with only six to eight weeks of training.2 This indicates 
a considerable increase in strength as it is an accepted physiological 
fact that muscle strength is directly proportional to muscle size. 
It is apparent at this point that weight training is a very 
effic1ent means of developing strength and muscular endurance, two of 
the three prerequisites to circulo-respiratory endurance as suggested 
I by McCloy.3 That weight training contributes to the third of these 
I 
prerequisites, heart efficiency, or to use a more general 
' .I ff" . . . t" Th h respiratory e ICiency, remains a ques 10n. e researc 
term, circulo-
of Swegan4 and 
CapenS would indicate that circulo-respiratory efficiency as well as 
lMasley, lac. cit., p. 315. 
! 
. 2Thomas L. DeLorme, ttRes;torat ion of Muse l e Power by Heavy Res is-
tance Exercises, 11 The Journal of Bone and Joint Surgery, XXVII (October, 
1945), p. 645. 
3McCloy, 11Endurance,u p. 9. 
4 swegan, op. cit. 
5capen, nA Study of Four Programs .•. , 11 pp. 83-93. 
17 
muscular strength and muscle endurance increased because improved run-
ning_and cycling times are m~nifestations of general improvement of 
circulo-respiratory condition. On the other hand, Wilson, using a per-
formance test to meas~re circulo-respiratory condition found results 
contraryl to those of Swegan and Capen. 
In research conducted with Olympic weight lifters, Bramwell and 
Ellis found that these athletes had an average heart rate of eighty beats 
per minute.2 This is slightly above normal. Evidence of this type 
prompted Steinhaus to conclude that weight training adversely affects 
circ~latory efficiency. He attributed this to the fact that the mus~ula-
ture of weight lffters is increased out of proportion to the heart, de-
creasing its efficiency.3 
There is considerable evidence in the literature to indicate that 
with training known to improve circulo-respiratory condition, certain 
stru~tural and physiological factors undergo change~ that may be quan-
titatively measured. These changes, in general, may be interpreted as 
indicating a deteriorated or improved circulo-respiratory condition. 
Steinhaus points out that increases in muscle size, strength and endur-
ance are probably among the best recognized chronic effects of muscular 
exertion.4 Studies conducted by Goden, Mathias, and Herxheimer on 
lwi lson, op. cit., p. 96. 
2Bramwe.ll and Ellis cited in Arthur H. Steinhaus, ''Chronic Effects 
of Exercise,cn Physiological Reviews, Ill (January, 1933), P· 113. 
3steinhaus cited in Gillesby, lac. cit., p. 16. 
4steinhaus, nchronic Effects of Exercise,Lt P• 104. 
I 
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I 
I 
children, youths, and college students, respectively, clearly demon-
str~te increases in muscle girth .in consequence of muscle use.l 
. . 
Kulps and Thorner have reported the presence of a smaller fat 
content in the muscles of trained dogs than in untrained dogs.2 
Thompson, Buskirk, and Goldman, working with college athletes, found 
that a season of athletic training and conditioning decreased body fat 
as measured at various points on the body by Vernier skinfold cilipers.3 
Data published by a number of investigators indicate that resting 
me9surements of heart rate,respiratory rate and ~inute volume of res-
pir:ation are lowered by training. Steinhaus states: llJt is generally 
conceded that athletes have lower resting pulse rates.tr.4 This point is 
graphically illustrated in the wor~ of a number of investigators. s. 
Hoogerwurf in testing Olympic contestants found the average resting 
heart rate to be fifty. Many were as low as forty and some rates were 
recorded in the thirties.5 Bramwell and Ellis, also testing Olympic 
athletes, found 66, 63, 61, 58 as the average heart rates for sprinters, 
middle distance, long distance and marathon runners, respectively.6 
1Goden, Mathias and Herxheimer cited in Steinhaus, ntchronic 
Effe<;:ts of Exercise,H p. 104. 
2Kulbs and Thorner cited in Steinhaus, ttChronic Effects of 
Exercise,' 1 p. 107. 
3c. w. Thompson, E. R. Buskirk, and R. F. Goldman, 11Change in 
Bo~y Fat Estimated from Skinfold Measurements of College Basketball and 
Hockey Players During A Season,u The Research Quarterly, XXVII 
(D¢cember, 1956), pp. 418-429. 
! . 
4steinhaus, 11C,hronic Effects of Exercise,tr. p. 112. 
5s. Hoogerwurf cited in Steinhaus, r.~chronic Effects of Exercise, 11 
P· 113. 
6sramwe11 and Ellis cited in Steinhaus, ''Chronic Effects of Exer-
cise, 11 p. 113 • 
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Knehr, Dill, and Neufeld found, as a result of a six month train-
ing period for middle distance running, a decrease in resting pulse of 
i 
five beats a minute and also reported a slight decrease in respiratory 
rate.l Schneider and Crampton reported athletes exhibit a smaller 
resting and exercise pulse rate.2 Swegan measured nhe resting heart 
rate of sixty subjects before and after a twelve week weight training 
pr~gram and found the average heart rate decreased significan~ly. The 
critical ratio was 2.05 between initial and final tests, a figure 
significant at the 5% leve1.3 
An investigation conducted by Hoerneke, Knoll, and Ackerman re-
vealed that trained individuals had slower, more even and deeper 
restingrespiration. This research was conducted using a strenuous 
exercise program.4 Schneider and other investigators have reported 
that training does not affect the respiratory rate.5 
Dr. Edward c. Schneider and Dr. c. B. Crampton reported that when 
the resting minute volume was calculated in terms of body surface 
ar~a, a moderate difference was evident with the trained group having 
1c. A. Knehr, D. B. Dill, and William Neufeld, urraining and its 
Effects on Man at Rest and at Wori<,H American Journal of Physiology, 
CXXXVI (March, 1942),-p. 155· 
2Edward c. Schneider and c. B. Crampton, 11A Comparison of Some 
Respiratory and Circulatory Reactions of Athletes and Non-Athletes,tt 
Am~rican Journal of Physiology, CXXIX (April, 1940), pp. 169-170. 
3swegan, op. cit. 
4Hoerneke, Knoll, and Ackerman cited in Steinhaus, 11Chronic 
Effects of Exercise, 11 p. 125. 
5schneider and others cited in Steinhaus., 11Chronic Effects of 
Exercise, 11 p. 125. 
'"T ... 
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the smaller volume.l 
Lawrence E. Morehouse and A. T. Miller state: 
The basal metabolic rate (measured by oxygen consumption) of 
athletes often increases slightly during training and falls to 
a pre-training level after the season of competition is over . 
. • . This is probably related to the increase in mass and tone 
of skeletal muscles during the period of training.2 
Steinhaus refutes the observation of many investigators, including 
Morehouse and Miller, that the basal metabolism increases with training, 
pointing to a number of studies which indicated a lower basal rate as 
a result of training.3 Dr. Edward c. Schneider and Dr. Gordon c. Ring 
measured the resting oxygen consumption of a number of subjects before 
and after a training period and their data indicated an increase in the 
resting oxygen consumption as a result of participation in an exercise 
program.4 
Authorities. are in general agreement that resting heart rate is 
decreased with training. Complete agreement cannot be found about 
other physiological responses measured at rest. There is, though, a· 
strong indfcation in the literature that the resting respiratory rate 
and the minute volume of breathing· are lower in the trained state. 
There is an indication, too, that training increases the resting oxygen 
consumption. 
1schneider and Crampton, lac. cit., p. 169. 
2Morehouse and Miller, op. cit., p. 276. 
3steinhaus, ttchronic Effects of Exercise,n p. 127.· 
4Edward c. Schneider and Gor9on c. Ring, "The Influence of a 
Moderate Amount of Physical'Training on the Respiratory Exchange and 
B.reathing During Exercise, 11 American Journal of Physiology, XCI 
{December, 1929), p. 114. 
I j 
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Physiologists apparently con~ur that certain physiological res-
po~ses measured during a bout of exercise are indicative of the state 
of1training of an individual. Dr. Eleanor Metheny and others used 
moderate and strenuous exercise on a treadmi 11 ~nd ·compared the phys i o-
losical responses of men and women. The condition of the men was 
cJ,assified as good, average, and poor; the women were all students of 
hygiene and physical education and, while not athletes in training, 
were in good health. They found the trained and untrained to differ in 
thatthe former had a more economical ventilation and oxygen consumption 
during exertion, the ability to attain a greater maximum ventilation 
and oxygen consumption, and ~ad a lower pulse rise to sub-maximal 
work. 1 
Robinson, Edwards, and Dill studied the physiological factors of 
five internationally known runners and compared their results with those 
of eleven untrained non-athletic men. Results showed that for a given 
oxygen intake, the runners 1 ventilation was about 12% less than that of 
the untrained subjects. Their pulse rate response to exercise was also 
l 
I 
le~s. 2 
Schneider and Ring reported that the minute volume of breathing 
for any given load of work decreased with training.3 
I 1Eleanor Metheny and others, ·~orne Physiologic Responses of Women 
an\:! Men to Moderate and Strenuous Exercise, A Comparative Study,'' Ameri-
' can Journal of Physiology, CXXXVII (Septelllber 1, 1942). pp. 318-326. 
2 . S. Robinson, H. T. Edwards, and D. B. Dill, 11 New Records in Human 
Power,n Science, 1..:'-XXXV (1937), pp. 409-410. 
3schneider and Ring, loc. cit., p. 114. 
' 
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Barman, Consolazio, and Moreira found that ventilatory efficiency 
measured during exercise correlated highly with physical condition.l 
At work the respiratory exchange ratio (respiratory quotient) of 
traihed individuals is lower than that of the untrained as shown by 
I 
Boch
1 
and others in their research. 2 Christensen has shown that under 
cond~tions seemingly meeting the requirements of the steady state, the 
respiratory exchange ratio increases as the load increases and that at 
any particular work level measured by oxygen consumption, the respira-
tory exchange ratio of untrained subjects is higher than that of 
trained ones .3 
Dr. w. c. McNeely in an investigation found that trained subjects 
had lower respiratory exchange ratios and a smaller rise in the ratio 
during exercise and recovery.4 
There seems to be little question that measurable changes in 
i phys:iological responses are brogght about with training and that these 
I 
! 
are ~ost apparent during exercise. 
The trained man is one who has improved the level of his circulo-
respiratory responses as well as his muscular and nervous responses. 
1 . 
Julio M. Barman, Frank Consolazio, and Marcel Moreira, ttRelation 
Between Pulmonary Ventilation and Oxygen Consumption After Exercise,tr 
American Journal of Physiology, C.XXXVI(I :(e~cember, 1942), p. 19. 
2Boch and others cited in Steinhaus, uchronic Effects of Exer-
cise, 11 p. 131 • 
3christensen cited in Steinhaus, 11Chronic Effects of Exercise, 11 
p. 131. 
·\!. c. McNeely, ttSome Effects of Training on the Respiratory Res-
ponse to Exercise,n Proceedings of the American Physiological Society, 
quoted in American Journal of Physiology, CXVI (June, 1936), pp. 100-101. 
. ' 
,, I 
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Theicirculo-respiratory improvement apparently is manifested during 
exercise in a relatively slower heart rate, slower respiratory rate, 
lower minute volume of respiration, greater depth of breathing, greater 
ventilatory efficiency and a lower respiratory exchange ratio. Measur-
ing the effect of weight training on these responses at rest and during 
exercise, together with a performance measure of circulo-respiratory 
endurance during an all-out physical effort on a bicycle ergometer, 
should provide a clear indication of how weight training affects circulo-
respiratory mechanisms and, in turn, circulo-respiratory endurance. 
Literature Concerning Wei.ght Training-Procedures 
Steinhaus, early in the 1930's stated the basic tenet underlying 
systematic weight training with the over-load principle. H.e said: 
trMuscle hypertrophy, enlargement of muscle cells, is related to the in-
tensity, rather than the quantity of work performed.ttl 
The results of Delorme's work are ·in complete agreement with this 
tenet. He observed that patients doing high repetition-low resistance 
exercises failed to obtain any appreciable hypertrophy during several 
months of exercise, whereas those doing fewer repetitions and working 
with heavy loads realized rapid and great muscular hypertrophy. He 
concluded that 11since the rate and extent of muscle hypertrophy is 
usually proportional to the. resistance the muscle must_ overcome, 
]Arthur H. Steinhaus, uwhy Exercise?11 , Journal of Health, 
Physical Education and Recreation, V (May, 1934), p. 5. 
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strength develops faster in high resistance exercises than in low 
resistance exercises. 111 DeLorme distinguished between what he terms 
power building exercises and endurance exercise$, stating: ttpower 
bui ljding exercis.es are those in which heavy resistance is used for a 
! 
low number of repetitions. Endurance exercises are those in which low 
resistance is used for a large number of repetitions. 11 He states fur-
ther that 1tthese are two entirely different types, each one producing 
its own results and each being tn~apable of producing results obtained 
by the other .n2 
These findings of DeLorme 1 s are borne out in a study by Bernard 
R. Walters who had forty-eight subjects performing heavy resistance 
exercises for ten to twelve repetitions per set and forty-six subjects 
performing exercises for twenty to twenty-two repetitions per set. He 
found that the group working with heavier loads ·and doing fewer repe-
titions realized a greater increase in strength.3 
William F. Teufel compared a weight training system devised by 
DeLorme with a more.intensive variation of this same system. This in-
vestigator found that the more intensive variation of DeLorme 1 s system 
proved superior to DeLorme's original system in the development of 
strength in three o~ the four muscle groups tested. 4 
]Thomas L. Delorme, loc. cit. 21 bid.) p. 646. 
3-Bernard R. Walters, 10The Relative Effectiveness of High and Low 
Repetitions of Weight Training Exercises on Strength and Endurance of 
the Armst'(unpublished M.A. thesis, State University of Iowa, 1949), 
pp. 4-15. 
4w i 11 i am F. Teufe 1, nA Comparison of The Effect i venss of Two 
Methods of Exercise for the Development of Muscular Strengthu (unpub-
lished M.A. thesis, State University of Iowa, 1952), PP· 1-23. 
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Capen, too, found in investigating the effectiveness of four 
weight training systems in develop·ing strength that the most effective 
system was that demanding the greatest intensity of effort. This 
called for the performance of an exercise of· one repetition W:i:th the 
heaviest weight that could be handled. This load was then reduced on 
sets two and three to allow an individual to perform one repetition on 
each set. Jt"must be noted here that the mean strength gain for sub-
jects working on this system over. a period of twelve weeks was only 
l .1% better than the mean strength gain of subjects working on a system 
of eight to fifteen repetitions for one set. These subjects trained 
for a period of twelve weeks also. Of necessity, this group worked with 
considerably lighter weights than the other group to accomplish eight 
to fifteen repetitions. With regard to his findings, Capen states: 
11The amount of strength that was gained from each of the four programs 
I 
! 
was found to be nearly equal. Program Four which showed the largest in-
crease in strength was significant at only the ~Ia level when compared 
with Program One which had the smallest increase in strength.u] 
The foregoing research is. consistent with the belief that 
strength is most effectively developed ~hrough low repetition-high 
resist~nce exercises and muscle ~nd~rance through high repetition-low 
resistance exercises. Capen's res~a~ch, though, indicates that this 
postulate is open to some question, at least with regard to systems 
utilizing up to eight to fifteen repetitions, since this system proved 
1capen, nA Study of Four Programs .•• ,r~ p .. 18. 
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almo&t as effective In developing str~ngth as his one-repetition 
system. If both muscle endurance and muscle strength contribute to 
; 
circ~lo-respiratory endurance and if it is assumed the high repetition 
syste,m is more efficient than the low repetition system in developing 
muscle endurance, it is possible that a high repetition-low resistance 
system would be the.more effective for developing circulo-respiratory 
• ! 
endu~ance. 
It is the writer's hope that in comparing the effects of high and 
low 1epetition weight training systems on circulo-respiratory endurance 
th~t 'he w11·1 be able to test this hypo~hesis~ 
1 . . 
. I 
CHAPTER Ill 
PROCEDURES 
The procedures followed in carrying out this study included 
the selection of subjects, the equating of groups, the testing of 
subjects, the execution of the training programs, and the disposition 
of subjects. 
Selection of Subjects 
This experiment was conducted during the second semester of the 
1957-58 school year. Subjects for the experiment were freshmen in 
the required physical education program at the University of Florida. 
These volunteers assented to being arbitrarily placed in either weight 
\ 
tra1ning, bait casting, or archery classes for the fifteen week period 
during ~hich the experiment was conducted. 
At the end of the first semester of the 19?7-58 school year the 
writer solicited, from a total of 1,000 freshmen students, 180 indi-
vidJals who expressed an interest in participating in the study.· 
Following this initial expression of interest the writer met with the 
group and expl~ined the rules by which each individual would have to 
abi~e if he participated in the experiment. These requirements were: 
(1)\ to remain in the experiment the entire semester, (2) not to partici-
pate in inter-collegiate, intramural sports or individual sports 
actfvity of any kind while the experiment was in progress, (3) to 
attend classes regularly, (4) not to practi"ce experimental procedures 
27 
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outs~de of class, (5) not to make any radical change in individual 
living habits (as eating, sleeping, smoking) for the duration of the 
experiment, (6) to cooperate completely in exerting maximum effort at 
all times in both tests and training sessions, (7) to participate in 
bait casting or archery class, and not weight training, should an indi-
vidu!l be among the one-third of the volunteers assigned to the control 
I 
group, (9) to meet classes three times per week rather than the two times 
per week normally scheduled. 
As a result of this meeting ninety students stated that they would 
agree to comply with the provisions. Because of scheduling difficul-
ties lin registering for second semester classes, twenty-two of these 
I 
volu~teers had to be eliminated. Sixty-eight volunteers remained. 
Because only sixty volunteers were needed, the writer found it necessary 
to draw lots for the positions available. It was announced at this 
point that the volunteers would receive credit for two activity hours, 
rather than the one hour credit customary, for participating in this 
study. Tmis administrative innovation was thought necessary to properly 
motivate the group during the study. 
i 
Equating of Groups 
The design of the research necessitated dividing the subjects in-
to three equal groups of twenty subjects each. These were: (1) an 
experimental group which would work on low repetition-high resistance 
I 
exercises, hereafter designated as Group LH, (2) an experimental group 
which would work on high repetition-low resistance exercises, hereafter 
designated as Group HL, and (3) a control group which would be placed 
·I 
I 
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in atminimum.physical activity course (bait casting or archery), 
I 
here~fter designated as Group c. 
! To equate these groups two factors were used: (1) The body 
size (surface area) of the subjects and (2) the subjects• time in a 
300-yard run, which is a measure of physical condition and, more 
I 
specifically, of circulo-respiratory endurance. The original design 
I 
also'called for using age as an equating factor, but since the volun-
teers all fell within an 18-19 year age group, this was considered un-
1 
necessary. It had been planned to use an all-out run on a bicycle 
ergometer as the measure of circulo-respiratory endurance. This could 
I 
i 
not be done until the second semester began, and administrative policy 
madelit imperative that the subjects be equated in their groups before 
I 
the ~tart of the second semester so that they could register for their 
seco~d semester_activity on time. Therefore, it was necessary to use 
the easily admin1stered 300-yard run as the equating factor for endur-
1 . 
ancei Each subject completed the run before the end of the first 
I 
semester. Wide acceptance has been given this test as a measure of en-
1 duramce. c. H. 1!\cCloy found this 300-yard run to correlate .7948 with 
I 
i 
endurance as isolated in a factor analysis of tests of endurance.l 
Bodyisize measurements of the volunteers were also taken previous to the 
end of the first semester. Height was measured with a stadiometer 
graduated in inches and weight was measured with a balance scale gradua-
ted in pouncl.s. These height-weight measurements were then converted to 
1c. H. McCloy, 0 A Factor Analysis ~f Tests of Endurance,u The 
Research Quarterly, XXVI I (May, 1956), p. 215. 
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a body surface area measurement using McKesson 1s Recording Metabolors. 
For each subject, then, the writer had two measures, the body 
size!or surface area, measured in square meters and the time of the 
I 
I 
300-yard run measured in seconds, with which to equate the groups. 
The equating of the groups was accomplished in the following man-
ner., The individual data sheets for the 300-yard run were arranged in 
I 
I 
ranki order with the subject with the best time at the top and the sub-
Ject/with the poorest time at the bo~tom. The subject with the best 
time) was placed in Group LH, the subject with the second best time in 
Grou~ HL, and the subject with the third best time in Group c. The sub-
ject! with the fourth best time was then placed in Group HL, the fifth 
besJ in Group C, the sixth in Group LH, seventh in Group C, eighth in 
i Group LH, and the ninth best in Group HL. This cycle was repeated until 
i 
all :subjects were distributed in the three groups. The body size data 
I 
sheelts were treated in the· same manner, starting with the largest sub-
jec~. At the conclusion of this procedure it was found that some 
sub)ects who 
I 
oth1r groups 
were in one group in the 300-yard run were in one of the 
in body size. By switchin~ these subjects back and forth 
between groups it was eventually possible to establish three groups 
apploximately equated on the basis of the two equating factors. 
Determinations of the me~n, the standard deviation, and the 
standard error of the mean were computed for each group on each factor. 
A t test was made to determine if there was a significant difference be-
tween groups for each factor. The statistical results indicated that 
the three groups were approximately equated on the two factors. The 
statistical treatment of this data is provided in Table 1. 
Factor 
Body 
Size 
(Sq. M.) 
300-yd. 
Run 
Time 
(SecU 
I 
TABLE l 
COMPARISONS OF GROUPS ON THE EQUATING FACTORS 
OF BODY SIZE AND 300-YARD RUN TIME 
Standard Standard D t.fference 
Devia- Error of Between 
Group Cases Means tion Means~·, Means 
LH 19 1.84 0.12 0.04 0.04 
c 18 1.88 
HL 19 1.84 0. l 0 0.03 0.04 
c 18 1.88 
LH 19 1.84 0.12 0.04 0.00 
HL 19 1.84 
LH 19 41' .6 2.7 0.9 0.8 
c 18 42.2 
HL 19 42.2 3.5 3.5 0.0 
c 18 42.2 
LH 19 41.6 2.3 1.1 0.8 
HL 19 42.2 
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t 
1 .00 
1.33 
0.00 
0.89 
0.00 
0.73 
_,_ 
. t ftThis is the standard error of mean differences and should be 
.inte~preted as such 
! i The means of 
from! the formu 1 a 
in the tables that follow. .. 
all measurements used in the study were calculated 
M ::: I." X N In the comparison of the groups on 
the equating factors the standard deviations were calculated ~sing a 
smaJl sample formula where the samples are pooled: 
SD= c!x>~~n +[txi- c~;YJ (N,- t) + (N~- 1) 
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The :standard error of the mean differences on the equating factors 
was determined using the formula: 
The ;use of these formulas is recommended by Dr. Henry E. Garrett when 
dealing with small samples.l 
The t test was then made using the formula: -t 
A further indication of the equality of the three groups is 
provided in Appendix 1- Here a stat)stical comparison of the three 
groups on all initial test measurements· is presented. In only one 
factor of some sixty comparisons did the t test reveal a significant 
difference between groups. This difference between Group LH and Group 
! 
HL existed in the resting oxygen consumption determinations. This 
difference is significant at the· 5% level. The writer does not know 
whether this difference represents a true difference or a chance 
occurrence. When as many as sixty comparisons are made, it does not 
seem unusual that one compariso_n would appear significant by accident. 
Testing of Subjects 
Meas~rement of Physiological Responses 
After the groups were equated, the testing period began.· All 
testing was done between 6:00 A.M. and 9:00 A.M. each day. The subjects 
rep0rted to the laboratory after completing at least eight hours of 
lHenry E. Garrett, Statistics in Psychology and Education (New 
Yor~: Longman Green & Co., 1947), p. 206. 
i 
!l 
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sl~ep, and they remained in a post-absorptive state antil the testing 
was completed. Upon arrival in the laboratory each subject rested in 
a Jitting positioh for ten minutes before being subjected to the resting 
phase of the test. 
When the ten minute rest period was completed, the subject was 
taken to the testing room where he was immediately seated. The testing 
room was maintained at the temperature and humidity level at which man 
functions most efficiently. According to research of the u. s. Air 
Force, this means the temperature must be between 50 and 70 degrees 
Fahrenheit and the relative hum•ildity between 4a"/o and 6a"lc,. 1 The breath-
ing apparatus was then adjusted to the subject. This apparatus included 
a nose clip and a mouthpiece with a hose attachment connected in series 
I t~ a Dry Test Gas Meter and a Douglas bag in which the expired air was 
co'llected {Plates I and II). After the subject was allowed tinie to 
adjust the breathing apparatus, the test was begun. For a period of 
seven minutes, the following resting measurements were made: 
1. Heart rate in beats per minute. 
2. Respiratory rate in inspirations per minute. 
3. Volume of respiration per minute in liters per square meter· 
of body surface. 
4. Oxygen consumption per minute in liters per square meter of 
body surface. 
5. Volume of air inspired per inspiration in liters per square 
meter of body surface. 
6. Ventilatory efficiency, the ratio of oxygen consumed to the 
air inspired. 
luuMan in Space,tt Newsweek, February 3, 1958, p. 60. 
PLATE I 
Subject is performing moderate exercise on a bicycle ergometer. 
Douglas bag (A) collects expired air for subsequent analysis. Operator 
seated in middle is recording subject's respiratory rate and expired 
gas volume from the Dry Test Gas Meter (B). Operator in right fore-
ground is recording the heart rate in fifteen second intervals, twice 
per minute, using a stethoscope. 
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PLATE II 
Subject is performing all-out exercise on a bicycle ergometer. 
Operator with stethoscope signals subject t o stop when heart rate 
reaches 180 beats per minute. Operator in foreground starts and stops 
electric clock on signal from heart rate operator and sees that sub-
ject maintains rhythm in peddling set by metronome at 60 rpm. Ex-
pired gas is measured with a Dry Test Gas Meter. 
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A pilot -study revealed that determinations made over a seven 
mi~ute period were as reliable as those made over a ten minute period. 
Jnlthe interest of an economy in time, the seven minute measurement, 
period was used. 
Heart rate was measured by an operator using a stethoscope held 
over the apex of the heart as the subject rested in a sitting position. 
I 
Thb beats were counted for fifteen second intervals, twice per minute 
during the second and fourth intervals, and the average for the seven 
minutes was recorded. 
i The resting respiratory rate was measured by an operator counting 
I 
th~ deflections of the needle of the Dry Test Gas Meter (Plates I and 
I 
1 lr· as it recorded the volume of expired air. The operator used a man-
uar counter in adding the number of inspirations. The inspirations were 
counted for the seven minute period and ~he average per minute recorded. 
The resting volume of respiration ~as measured with a Dry Test 
I 
Gas Meter (Plates I and I 1). It was ca lii bra ted to measure the expired 
: 
gas to .01 1 iters and was accurate to wi[thin 1/2 of 1%. All recorded 
determinations of gas volumes were reduced to standard conditions 
(7~0 mm., 
taken and 
0° Centigrade, Dry). The total volume for seven minutes was 
the average per minute recorded. 
The oxygen consumption of the subjects was measured with a Micro-
Scholander Gas Analyzer (Plate V) from expired air samples collected in 
Douglas bags. The technique used in transferring expired air samples 
from Douglas bags to the Micro-Scholander Analyzer is presented in 
Plrtes Ill, IV, and v. The analyzer is accurate to! 0.015 volumes 
PLATE Ill 
Transfer of expired air sample from 
Douglas bag to storage bottle. 
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PLATE IV 
Transfer of expired air sample from storage bottle 
(A) to capillary pipette (B). 
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PLATE V 
Transfer of expired air sample from capillary pipette to 
Micro-Scholander Gas Analyzer for determination of the oxygen 
and carbon dioxide content. 
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p~rcent. Throughout the experiment duplicate analyses of expired air 
samples were made by the writer to insure the accuracy of the method. 
The oxygen consumption per minute was determined and, as with all 
volume measurements, was recorded in liters per minute per square 
meter of body surface. 
The measurements of depth of'breathing and ventilatory efficiency 
merely involved mathematical calculations of the data secured from the 
procedures listed above. 
The next testing procedure was concerned with measuring circulo-
respiratory responses during physical activity. For this purpose, a 
moderate level of exercise was chosen. This method is justified by the 
work of F. M. Henry and w. E. Berg in which they studied the effects 
of a season of basketball on thirty-seven male students. They found 
t~at physiological measures based on moderate exercise were more effec-
tive than performance measures in demonstrating better physical fitness 
resulting from training.l 
i 
For this moderate exercise phase of the test, the subject took a 
position astride a stationary bicycle e~gometer. He was instructed to 
peddle against a 5 lb. work load at a rate of 60 revolutions per minute. 
Subjects were told to make a downward movement of the peddles with each 
stroke of the metronome. This meant peddling at the rate of two clicks 
per cycle. This procedure was adopted because it was believed that the 
1F. M. Henry and w. E. Berg, 11 Physio1ogical and Performance Changes 
i~ Athletic Conditions, 1 t Journal of Applied Physiology, Ill (August, 
19 50) ' p. 1 06 • 
II 
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use of one click per cycle would tend to fatigue the leg reacting 
with the click to a greater extent than the other leg. The bicycle 
used was the friction type ergometer described by Peter v. Karpovich.l 
Important in this phase of the study was finding an exercis.e 
load that taxed the circulo-respiratory mechanisms of the subjects, 
I 
but was not so great that they could not maintain a physiological 
ttsteady staten for a period of time. This was necessary for making 
oxygen and carbon dioxide determinations. Any exercise measurement of 
oxygen consumption and carbon dioxide production must consider re-
covery consumption and production as factors unless the measurement 
is made during a 'tsteady state" of exercise, a state in which a plateau 
or metabolic equilibrium has been attained. The pilot study revealed 
that subjects working at the rate of 4275 ft. lbs. per minute reached 
the 11steady state11 at approximately the start of the third minute and 
that they were able to maintain this state for upwards of four minutes 
before the measurements of heart rate, respiratory rate, and the 
minute volume of respiration indicated another increase in metabolic 
activity. On the basis of this evidence the expired gas was collected 
from the third through the seventh minute, during the ttsteady state.tt 
As wa~ .true of resting measurem~nts, the moderate exercise measure-
ments taken over a period of seven minutes revealed the same physiolDgi-
cal response pattern as those taken over a period of ten minutes. On 
the basis of this data a seven minute period of time was used for making 
determinations. 
!lpeter v. Karpovich, 11A Frictional Bicycle Ergometer,u The Re-
search Quarterly, XXI (October, 1950), pp. 210-215. 
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In this part of the test each subject was given time to learn to 
peddly the bicycle while keeping time to the metronome. This done, 
the breathing apparatus was adjusted and the test begun. Exercise 
was continued for seven minutes, and the same determinations were made 
as for the resting phase of the test. To these was added the 
exercise carbon dioxide production measured with the Micro-Scholander 
Gas Analyzer (Plate V). This measurement was recorded in liters per 
minute per square meter of body surface. 
At the completion of the moder~te _exercise phase of the test, 
the subject was instructed to sit in a chair for a period of five 
minutes to allow for full physiological recovery. The pilot study 
conducted by the writer had shown that five minutes was adequate time 
for this recovery. 
Between the moderate exercise phase and the all-out exercise 
phase, the bicycle work load was adjusted to 12 lbs. With the sub-
jec~s peddling at 60 revolutions per minute, this constituted a load 
of 10,026 ft. lbs. of work per minute. In the pilot study, it was 
found that all subje~ts became completely fatigued within five minutes 
of the time they started peddling, according to the criterion for 
fatigue (heart rate reaching a 180 beat per minute level) used by the 
writer. The intensity of the work in peddling against this 12 lb. 
load was deemed appropriate for this phase of the test. 
During the five minute recovery interval following the moderate 
exercise test, the subject was given instructions for the all-out 
exercise on the bicycle. He was told he should peddle until the 
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operator measuring his heart response told him to stop. The operator 
in turn was instructed to stop each subject when his heart rate reached 
180 beats per minute. After receiving his instructions, .the subject 
continued to rest until the four minute mark, at which time he was told 
to alcend the bicycle. The breathing.apraratus was adjusted and at 
four minutes~fifty seconds, the clock operator began to count down to 
the five minute mark at which point the subject was instructed to start 
peddling and the electric clock, calibrated to one-tenth of a second, 
was started. 
Throughout this test, the heart rate operator recorded the sub-
ject's heart rate for fifteen second intervals on .the second and fourth 
interval of each minute. When the heart rate reached 168 beats per 
minute, he began to count the rate in successive fifteen second inter-
vals until 45 beats per 15 seconds, or 180 beats·per minute, was 
reached. On a signal from the heart rate operator, the subject stopped 
peddling and the clock operator stopped the clock and recorded the 
time. In only four. cases did subjects stop peddling due to fatigue 
before their heart rates reached a level of 180 beats per minute. The 
results of these cases were omitted from consideration. 
The use of the heart rate as a measure of endurance performance 
has entered into much recent exercise research conducted at Randolph 
Field, Texas, by Air Force physiologists under the direction of Dr. 
Bruno Balke. 1 This procedure has been developed in recognizing the 
1Bruno Balke, Correlation of Static and Physical Endurance, 
Report No. 1 (Randolph Field, Texas: School of Aviation Medicine, 
Apri 1, 1952). 
II 
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limitations and weaknesses of a performance measure inW:lich an indi-
vidual is allowed to continue exercise until he is completely fatigued. 
Evidence of the weaknesses of this method have been cited previously 
in the studies of Wilsonl and Swegan.2 Balke and others set out to 
I 
est,blish a reliable test of physical performance based on the cardio-
vasqular and respiratory response to muscular activity. These in-
! 
ves~igators found that tncardio-vascular and respiratory activities 
increased ln direct relationship to the work load up to a certain op-
timum. Then the oxygen uptake became inadequate, the respiratory 
excbange ratio exceeded l .0 and the pulmonary ventilation increased 
out of all proportion to the oxygen uptake. This respiratory incompe-
tence was generally accompanied by signs of cardio-vascular inadequacy 
as shown by a decrease in pulse pressure in spite of further increas-
es in heart rate.u3 In working with ninety-two subjects, these 
investigators found that these limitations became manifest after the 
. I . 
pulse rate had reached about 180 beats per minute. For this reason, 
I 
I performance tests were stopped at this point. Further tests on twenty 
I 
Air! Force cadets in which the influence of conditioning and decon-
j 
difioning were studied showed that the test using the 180 beat per 
minute heart rate as a stopping point proved very satisfactory in in-
dicating changes in work capacity due to condition. Balke points out: 
llThis technique affords a measure of maximal performance by forcing 
1wi l son, oe. cit., P· 111. 
2swegan, oe. cit. 
3Balke, oe. cit., P· iii. 
il 
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the test to a state near to exhaustion. The end point, however, is 
defined by critical physiological observation and measurements rather 
than by the subjects• will to cooperate.tt1 In a concluding statement 
Balke states that the distribution curve of physical performance formed 
in t~e work with ninety-two subjects indicates that reasonable dif-
ferentiation can be attained with this test, and this suggests its 
usefulness as a criterion of general physical condition. 2 For the 
reasons cited, the writer chose this technique in measuring the all-out 
perfbrmance ability of the subjects. 
I One other measurement was made during the all-out exercise test. 
This was a measure of the minute volume of respiration. Obviously, 
the .kubject•s performance times varied in the initial and final test. 
For ~his reason, the minute volume in the final test was recorded at 
that point in the all-out exercise time attained by each subject on 
the initial test. In cases where a subject 1s initial time exceeded 
I 
his final performance time, it was not possible to make a measurement 
of this factor. This measure again was made in liters per square meter 
of body surface. 
Measurement of Anthropometric and Strength Factors 
On the day of the performance test, each subject reported back 
to the laboratory at a later hour for more measurements. At this time 
each subject submitted to measurements of muscle girth, skinfolds 
(fat), and a test of body strength. Laurence E. Morehouse and Augustus 
llbid., p. 13. 
21bid. 
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I 
Milier point out that body strength and body fat are limiting factors 
I 1 in endurance. That strength is a factor has also been stated previous-
ly in the work of McCloy. 2 The girth measurements were made to provide 
some indication of the nature of the structural changes in the body 
composition should changes occur during the training period. 
With a one-half inch steel tape graduated in centimeters, girth 
mea$Urements were made at three body points as SU§gested by Thomas K. 
Cureton.3 The first measurement was made over the most prominent 
point of the contracted biceps muscle of the right arm. The second 
measurement was made around the chest and back at a point one half inch 
above the nipple while the subject held a deep inspiration and contract-
ed the chest muscles. The third measurement was taken over the 
largest portion of the gastrocnemius muscle while in a contracted state 
and bearing the body weight. Each girth measurement was made three 
times. The results reported are composites of the averages of the 
three measurements taken at each point and recorded in centimeters. 
Skinfold measurements were made using a Vernier skinfold caliper 
modified at the Laboratory of Physiological Hygiene, Univeriity of 
Minnesota. The entire procedure was that followed by Thompson and 
otHers in a previous skinfold study. 4 The pressure exerted between 
lMoreflouse and Miller, op. cit., p. '227. 
2McCloy, 11Endurance,tt p. 9. 
3Thomas K. Cureton, Physical Fitness Workbook (3d ed.; St. Louis: 
Mosby co., 1947), p. 109. 
4Thompson, Buskirk, and Goldman, loc. cit., pp. 420-421. 
r 
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th~ jaw surfaces of the caliper was 10 gm/mm2 of jaw surface. 
siles used for skinfold measurements were: 
Body 
l. Chest: About 5 em. from the right nipple on a line toward 
the uppermost point of the axillary fold (skinfold parallel 
to th i s 1 i ne) . 
2. Upper arm: Over the right triceps, halfway between the 
blecranon and acromial processes (skinfold parallel to the 
long axis of the arm). 
3. Abdomen: Approximately 5 em. to the right of the umbilicus 
(skinfold oriented laterally). 
In making a measurement the skinfold was lifted with the thumb 
and index finger and held while the caliper was applied approximately 
1-1.5 em. away. Each skinfold was lifted and measured three times. 
The results reported are composites of the average skinfold .measure-
memts taken at each body point and recorded in millimeters. 
Three measurements of strength were made on each subject using a 
ha~d dynamometer and a back and leg dynamometer. The upper body 
strength of the shoulder abductor and adductor muscles was ascertained 
using the hand dynamometer with a push-pull attachment. Shoulder 
adductor muscle strength was determined by placing the hand dynamometer 
between the handles of the push-pull attachment. Following the pro-
ce~ure suggested by McCloy and Young in which the palms of the hands 
I 
ary placed facing each other at the height of the chest, and with 
I 
fo 1~earms almost horizontal, the subject was instructed to push on the 
i 
hahdles as vigorously as possible. The strength of the push was re-
corded in kilograms. Each subject followed this procedure for three 
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I 
tdlls and the average was determined. The 
abdyctor group of muscles was determined in 
strengith of the shou 1 der 
the same manner with the 
I 
exception that the subject pulled on the handles 
I 
I 
i 1 them. 
ilnstead of pushing 
r· 
' 
The third strength measure taken was that of back strength a.nd a 
back and leg dynamometer was used for this purpos~. In making this 
I 
measurement, McCloy and Young•s procedure was agaijn used. The subject 
stood at attention with the center of the feet op~os i te the chain and 
I 
with the hands on the front of the thighs. The t1ster then hooked 
the handle into the chain so that the top of the Jar was just below 
I 
the tips of the subject•s fingers. The subject w1s instructed to bend 
forward at the hips and, with one palm facing for~ard and one palm fac-
ing backward, to grasp the handle bars at the endL The subject then 
I 
lifted steadily and as vigorously as possible. 2 tfter making the 
I 
maximal lift the handle was released slowly and tne pull recorded in 
kilograms. This process was repeated three timesland the average pull 
I 
determined. The recorded· results are composites of the measurements 
I 
of strength of shoulder abductor and adductor muscle groups and lower 
b k 1 h . I ; d d · k. 1 ac muse e extensors. Strengt measures were refor e 1n 1 ograms. 
I 
The individual experimental data is provided in Appendix II. 
A test-retest study of the entire test procbdure was conducted 
I 
I 
usjng twelve subjects. The reliability coefficierts of the various 
1 lc. H. McCloy and N. 
and Physical Education (3d 
1954), p. 151. 
. I 
I 
o. Young, Tests and Mebsurements in Health 
ed.; New York: Appleto~-Century-Crofts, Inc., 
I 
l 
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measures used in testing are listed in Tables 2, 3 and 4. For these 
determinations the raw score formula suggested by Garrett was used: 1 
NIXY- fX ~y 
il A significant feature 
rel:rabi 1 ity coefficients in 
und~r different conditions. 
of Tables 2 and 3 is the difference in 
the measurement of the same factors taken 
For example, the reliability coefficient 
fo~ the resting respiratory rate was .53, while during moderate ex-
erdise a coefficient of .95 was obtained. The restingminute volume, 
too which at rest produced a reliability coefficient of .65, in-
cre~sed during exerci~e producing a coefficient of .89. The widest 
i differences were shown in these two measures, but increases are shown 
in 111 the other exercise reliability coefficients as well. Coupled 
:I wit~ the fact that the mean differences between the initial and final 
I 
tes~s were small, this seems to·show an indication of physiological 
I 
variation in the subjects in measurements ta~en at rest. 
lGarrett, op. cit., p. 292. 
1 
Factor 
Muscle 1. 
Gir:th 
(em.) 2. 
Skin- l. 
fo l,jds 
(Mm.) 2. 
Mus.c 1 e 1. 
Stre;.ngth 
(Kg.) 2. 
TABLE 2 
RELIABILITY STUDY RESULTS ON SELECTED 
ANTHROPOLOGICAL AND STRENGTH FACTORS 
Difference 
Test Cases Means Between 
Means 
Initial 175.0 
12 o.s 
Final 175-5 
Initial 23.8 
12 o.oo 
Final 2J:8 
Initial 91.5 
12 7. 1 
Final 98.6 
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Rel iabi 1 ity 
Coefficient 
.98 
.95 
.68 
~- -- -~-- -~ - -- ~~-------__....._ 
Factor 
Heart Rate 
(Beats/M.) 
Respiratory 
Rate 
(Ins ./M.) 
Volume 
of 
Respiration 
( L. /M.) 
Oxygen 
Consumption 
(L. /M.) 
TABLE 3 
RELIABILITY STUDY RESULTS ON SELECTED 
PHYS I 0 LOG I CAL RESPONSES AT REST 
l. 
2. 
l. 
2. 
l. 
2. 
l. 
2. 
Test Cases Means 
Initial 67.4 
12 
Final 68.2 
Initial 12.4 
12 
Final 11.7 
Initial 9.14 
12 
Final 8.68 
Initial 0.341 
12 
Final 0.344 
Boston University 
·school o:f Education 
Library 
Difference 
Between 
Means 
0.8 
0.7 
0.46 
0.003 
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Reliability 
Coefficient 
.89 
.53 
.65" 
·79 
TABLE 4 
RELIABILITY STUDY RESULTS ON SELECTED PHYSIO-
LOGICAL RESPONSES DURING EXERCISE 
Difference: 
Factor Test Cases Means Between 
Means 
Heart Rate 1. Initial 115 .o 
(Beats/M.) 12 1.3 
2 •. Final 116 .3 
Respira- 1. Initial l 7. 1: 
tory Rate 12 . 0.5 .. 
(Ins. /M.) 2.· Final . 17 .6. 
Volume of 1. Initial 25.71 
Respiration 12 1. l 0 
(L. /M.) 2. Final 26.81 
Carbon l. Initial 1 .451 
Dioxide 12 0.042 
Production 2. Final l .493 
( L. /M ·) 
Oxygen ]. Initial 1.223 
Consump- 12 0.044 
tion 2. Final l .267 
( L./M.) 
A 11-out l. Initial 275·5 
Exercise 10 8.6 
Time (Sec.) 2. Final 266.9 
All-out ]. Initial 48.41 
Volume 9 0.43 
Resp ira- 2. Fi na 1 48.84 
·tion 
~ ( L ./~1.) 
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Reliability 
Coefficient 
-97 
-95 
.89 
.82 
.87 
.96 
.84 
"tffl ' 
:!: 
; i 
I 
'I 
Execution of Training Programs 
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1 The initial testing procedures were completed in two and one-half 
weeks. A] 1 of the subjects in Group· LH were tested by the end of the 
first week of testing and, to avoid a long delay between testing and 
traihing at the start, they began their weight training program on 
Mondby of the second week of the semester. Group HL comp_leted their tes~l by Thursday of the second wee~, and they began their training 
prog~am on Friday of the second week. The control group, Group C, com-
ij 
pleted their tests by,Wednesday of the third week and continued to at~ 
tend their classes in bait casting or archery. The distribution of con-
trol' subjects in either of these activities was arbitrary and entirely 
depe~dent 
i A 11 
upon class scheduling arrangements. 
subjects in the experimental and control groups met for three 
timeF per week, on Mondays, Wednesdays, and Fridays. The training 
I 
I peri~d itself was one hour .long on each of these days. At the Univer-
1 
sityi of Florida, 'a two hour block of time is required· for a physical 
I 
educat.ion activity period. The second hour is provided for dressing 
I 
and undressing and getting to and from classes. 
1 .The training program, excluding the testing phase, continued for 
a period of eight weeks. The use of an eight week training period is 
consistent with previous studies of this nature. Capen•s research is 
an exception. He conducted a training period which lasted twelve weeks. 
However, the time per peri6d for training was less than that provided 
in this experiment. Capen, for example, had his group train for a 
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for~y minute period three times per week. 1 ·The writer's groups trained 
forlsixty minutes per period three times per week. The total program 
tim~ is the same in each case.· 
i Subjects were allowed no absences from activities. Though some 
I 
absences did occur, all missed training periods were made up. At the 
end ~f the program, all subjects, excepting those dropped from the study, 
had bompleted twenty-four one-hour training periods. 
I 
'.~· Groups LH and HL undertook weight training programs in which 
thin een exercises were used. Six exercises were performed at one meet-
: 
ing :
1
of the class and another six at the next meeting. These groupings 
of six were alternated until the end of the fourth week of training when 
a n+ exercise was substituted for one of thi> original twelve. The 
prog~am then continued on the alternate day basis. The exercise program 
was 'brganized on the basis of its potential for fostering balanced bod~~y development. Exercises 
all pf the body's major muscle 
were selected that would call into play 
groups. In this undertaking the writer 
' 
followed closely the recommendations of Hoffman 2 and those of Murray 
and Karpovich.3, With the exceptioh of the sit-up exercise, for wfuich 
another exercise was substituted at the end of the four weeks, all 
exer~ises involved the use of barbells. In performing the sit-up a 
lcapen, "A Study of Four Programs ..• , 11 p. 11. 
2Hoffman, op. cit. 
3Jim Murray and Peter v. Karpovich, Weight Training in Athletics 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1956), p. 24. 
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loose plate was used (Fig. 9). The exercises used were: 
1. Arm cur 1 (Fig. 1 ) . 
2. M i 1 ita ry press (Fig, 2) • 
3. High pull-up (Fig. 3) . 
4. Rowing (Fig. 4). 
5- Bench press (Fig. 5) . 
6. Pull-over (Fig. 6). 
7. Latissimus machine (Fig. 7) . 
8. Dead 1 i ft (Fig. 8). 
9. Sit-up (Fig. 9). 
10. Squat (Fig. 10) • 
11. Toe raise (Fig. 1 1 ) • 
12. Straddle 1 i ft (Fig. 12). 
13. Two hand repetition ?natch (Fig. 13). 
Group. LH, though performing the same exercises, used a different 
training system from that used by Group HL. The writer 1s purpose was to 
select two weight training systems which varied in the intensity of 
physical effort required in their performance, but which at the same time 
were known to be nearly equally effective in developing strength. With 
this in mind two systems varying only slightly from two of Capen's four 
training systems 1 were selected. In the system used by Group LH the 
subjects sought to perform two sets of each exercise for a maximum of 
five repetitions. This necessitated finding a starting weight for each 
exercise in the program. This the subjects did on the first and second 
1capen, 11A Study of Four Programs .. ·"· 
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Fig, 1 - Arm curl* Fig. 2- Military press 
f 
I 
T 
i 
Fig. 3- High pull-up Fig. 4 - Rowing 
*Figures reproduced with permission of Bob Hoffman, York Barbell 
Company, York, Pennsylvania. 
Fig. 6- Pull-over 
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Fig. 5 - Bench press 
00 
Fig. 7 - Latissimus 
machine 
Fig. 8- Dead lift 
Fig. 9 -Sit-up 
(i) 
® 
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.fig. 10 - Squat 
. ct> 
Fig. 12- Straddle lift 
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Fig. 11 -Toe raise 
Fig. 13 -Two hand repetition 
snatch 
60 
days of training. For every exercise each subject was instructed to 
find a barbell that he could lift repetitively five times on the first 
set, or series of repetitions, but not more than three times on the 
second set. Between the sets of exercise, a three minute rest interval 
was !observed. This is in accordance with the recommendations of 
Hoffman 1 and Capen. 2 After a trial and error period in the selection 
of weights for the exercises, starting weights were found and recorded. 
In subsequent training periods, the subjects performed their exercises 
with the recorded poundages until they were able to complete two sets 
of five repetitions with the recorded poundage for each exercise. When 
this goal was accomplished the poundage was increased five to ten pounds, 
depending on the exercise, and the subject again sought to attain a two 
set, five repetition maximum lift. 
Group HL used a system in which the subjects sought to perform 
two sets of each exercise for a minimum of fifteen repetitions on the 
first set and twelve on the second set. This group followed the same 
pro1edure as Group LH in finding their starting weights. These subjects 
wer~ instructed to find a barbell for each exercise which could be 1 ift-
ad !repetitively a maximum of eight times on the first set. 
secJnd set they performed as many repetitions as possible. 
On the 
When this 
was accomplished the poundage was recorded for each exercise. In sub-
sequent training periods, a subject exercised with the recorded 
1Hoffman, op. cit. 
2capen, ''A Study of Four Programs ... 11 
~,, ., 
' ! 
·I 
61 
poundage until he was able to perform a maximum of fifteen repetitions 
on the first set and twelve repetitions on the second set of each 
exercise. When this goal was reached for any one exercise, the pound-
age <was increased five to ten pounds, depending on the exercise, and 
the subject worked again to attain a fifteen repetition maximum lift 
on tlhe first set and a twelve repetition maximum lift on the second 
set. It should be noted that the system used by Group LH is the more 
int~nsive of the two systems used. An account of the training progress 
of ~he experimental groups is provided in Appendix I I I. 
i 
While the two experimental groups followed this prescribed weight 
training program, the control group of twenty subjects participated in 
regularly scheduled required physical education classes in bait cast-
ing and archery which are non-dress activities at the University of 
Florida and not physically taxing. 
Following the training program, all subjects were again given the 
same series of tests described previously. The staggered start of the 
various groups in their training programs following the initial test 
made it possible to complete the final test of each subject within 
thr;ee to four days of the completion of training. This procedure de-
creased the possibilities of widespread deterioration of physical 
comdition between the completion of training and the final tests. The 
final testing was completed in two and one half weeks • 
. _ i:..f.- ----- --
---4----
.~I ~ ,, 
I 
Disposition of Subjects_ 
Sixty subjects were initially-tested and of this group four 
were dropped from partic_ipation in the study during the training 
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period. Three of these subjects left school unexpectedly during the 
semester and the fourth was injured during the training period. 
The injury necessitated his being eliminated from further participa-
t ion. 
The loss of these students left Group LH with nineteen subjects, 
Group HL with nineteen subjects, and Group C with eighteen subjects. 
CHAPTER IV 
ANALYSIS OF THE DATA 
This chapter includes a brief account of the factors measured in 
the study and the units of measurement used. The statistical formulae 
with which the data was analyzed and a discussion of the treated data 
are. also presented in tabular and written form. 
Factors Measured and Units of Measurement 
Following is a listing of the factors measured in the study and 
a description of the units in which the measurements were made: 
A. Factors measured at rest. 
1. Anthropological and strength factors. 
a) Muscle girth in centimeters. 
b) Skinfolds in millimeters. 
c) Muscle strength in kilograms. 
2. Circulo-respiratory respbnses. 
a) Heart rate in beats per minute. 
b) Respiratory rate in inspirations per minute. 
c) Volume of respiration per minute in liters per square 
meter of body surface. 
d) oxygen consumption per minute in liters per square 
meter of body surface. 
e) ~olume of.air inspired per inspiration in liters per 
square meter of body surface. 
f) Ventilatory efficiency, the ratio of oxygen consumed 
to the air inspired. 
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B. Factors measured during moderate exercise. 
1. Circulo-respiratory responses. 
a) Heart rate in beats per minute. 
b) Respiratory rate in inspirations per minute. 
c) Volume of respiration per minute in liters per square 
meter of body surface. 
d) Carbon dioxide production in liters per minute per 
square meter of body surface. 
e) Oxygen consumption per minute in liters per square 
meter of body surface. 
f) Respiratory exchange ratio (carbon dioxide produced 
to oxygen consumed). 
g) Volume of air inspired per inspiration in ·liters per 
square meter of body surface. 
h) Ventilatory efficiency, the ratio of oxygen consumed 
~o:the air inspired. 
c. Factors measured during all-out exercise. 
1. Circulo-respiratory endurance (time of all-out exercise 
on a bicycle ergometer in seconds). 
2. Circulo-respiratory response (volume of respiration per 
.minute in liters per square meter of body surface). 
Comparisons Within Groups of Initial 
and Final Test Measurements 
In Tables 5, 6, 7, and 8 the results of statistical comparisons 
between initial and final test measurements within the individual groups 
I 
are presented. The group means for these measurements were calculated 
using the formula: M = 2X 
N 
.. 
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The standard deviation formula used was: 
The ptandard error of the mean differences was computed from the 
form.ula: 5D 
The SO symbol in this formula represents the standard deviation of 
mean differences between initial and final measurements. This 
procedure is recommended by Dr. J. P. Guilford when the difference 
between two correlated means of small groups is being evaluated. 1 
• The' t test was made using the formula: 
t 
Tn Tables 5, 6, 7, and 8 the group designatioris of LH, HL, and 
C are accompanied by sub-numbers tq ~~ and tt211 • Sub-number 1tl tt 
indicates initial test measurements and sub-number tt21~ 1 indicates 
fim~l test measuremehts. 
Table 5 provides a comparison of bhe groups on th~ measure-
memts of muscle girth, skinfolds, and muscle strength. 
lJ. P~ Guilford, Fundamental Statistics in Psychology and Educa-
ti~n (New York: McGraw-Hill Book Company, 1950), pp. 216-217. 
i 
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TABLE 5 
COMPARISONS WITHIN GROUPS OF INITIAL AND FINAL TEST MEASURE-
MENTS OF SELECTED ANTHROPOLOGICAL AND STRENGTH FACTORS 
Standard Standard Difference· 
Factor Group Cases Means Devia- Error of Between 
tion Means Means t 
LH 1 18 159 .• 9 ... ,_ ... 2.2 0.5 5.6 10 .62"" 
·Musc1 e LH2 18 165.5 
Girth 
(em.) HL 1 19 160.5 2.5 0.6 +5.3 8 .8/c-k 
HL2 19 165.8 
c1 18 160.6 2.0 0.5 2.0 4.oo'h'' 
c2 18 162.6 
LH1 19 27.4 ··-Skin- 4.4 1.0 -2.6 2.60" 
f&lds LH 2 19 24.8 
(Mm'.) H L1 19 24.3 4.2 1.0 0.2 0.20 
HL2 19 24.5 
c1 17 27.8 3.0 0. 7· 1.2 1.62 
c2 1 7 29.0 
Muscle LH1 18 94.4 *!...-;'~ 10.9 2.7 + 12. 1 4.53 Strength LH2 18 106.5 
(Kg.) 
94.5 HL1 19 
..,,_,.., 
8.2 1.9 +7.9 4.13"" HL2 19 102.4 
cl 18 96.1 6.3 1.5 0.7 0.46 
c2 18 95.4 
-·-
"Significant at 5% leve 1. 
70~Significant at 1% level. 
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:1 Muscle girth.--Jn this factor measured in centimeters all three 
grou~s increased significantly at the 1% level. The t for Group LH 
is li~ .62; that for Group HL is 8.83; and that for Group C, 4.25. The 
inc:rases of the weight training groups are understandable in terms of 
the ~onclusions of Thomas L. DeLorme1 and Arthur Steinhaus, 2 among 
others, who reported the hypertrophy 0f muscles as a result of train-
i 
ing., The gain of Group C cannot be explained on this basis consider-
r 
ing the limits of the physical activity to which they were exposed 
durr~g the training period. Some degree of change may_be attributable 
to normal growth since Group c,. like the experimental groups, consis-ted~f boys eighteen and ~1neteen years of age. 
Skinfolds.--Measurement of skinfolds (fat) in millimeters re-
vealed that Group LH experienced a decrease in skinfolds, as measured 
at three body points, as a result of weight training. This decrease of 
' 
' 
2.6 !millimeters is significant at the 5% level. This result is con-
sis~ent with the findings of Kulbs and Thorner,3 and Thompson and 
others4 who found tha~ training decreased body fat in dogs and college 
athletes, respectively. Group HL following training did not show a 
decrease in skinfo1ds, but, to the contrary, increased its composite 
1oeLorme, 11'Restoration of Muscle Power •.. , 11 pp. 645:-667. 
2steinhaus, 11Chronic Effects of Exercise, 11 p. 16. 
3Kulbs and Thorner cited in Steinhaus, 11Chronic Effects of Exer-
cise, u p. 1 07. 
4Thompson, Buskirk,and Goldman, loc. cit., pp. 418-429. 
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mean fat measurement by 0.2 millimeters. This represents a very small 
ch1nge which is not statistically significant. It will be noted that 
Gr~up C increased in body fat following the training period, showing a 
me,n gain of 1.2 millimeters. Thi~ gain produced at of 1.62. 
Muscle strength.--The third factor treated in Table 5 is that of 
muscle strength measured in kilograms. Here the mean increase in 
strength shown by Group LH was 12.1 kilograms. This increase is sta-
tistically significant at the 1% level, producing at of 4.53- The in-
crease of Group HL of 7-9 kilograms is also significant at the 1% 
level, the t for which is 4.13. These results on strength changes 
following weight training are in line with those reported by J. w. 
Masleyl and Edward K. Capen. 2 Group c·showed a ~ean decrease in 
strength of 0.7 kilograms. This loss is not significant, the t being 
0.46. Again this failure to show change in mean strength is under-
standable in terms of the acttvity in which Group C partic.i;pated. 
From the measurement of these three factors it is apparent that 
weight training effected structural changes which were manifested in 
muscle girth and skinfold measurements. Jt also effected a signifi-
caht physiological change manifested in a muscle strength increase. 
tt'should be noted here that increased strength and decreased fat de-
posits are effects of endurance training according to Laurence E. 
Morehouse and Augustus Miller.3 Therefore, the experimental groups, 
1 Mas 1 ey, 1 oc. cit. , p. 31 5. 
2capen, r~ Study of Four Programs. .,tt p. 18. 
3Morehouse and Miller, op. cit., pp. 227-228~ 
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and particularly Group LH, would appear to exhibit endurance training 
eff;tcts. Though Group C showed a significant increase in muscle girth, 
consideration of skinfold and muscle strength changes did not indicate 
a cJ nge in the state of training of thi~ group. 
In Table 6 comparisons of the circulo-respiratory responses of 
the ~roups taken at rest are shown. 
Heart rate.--The mean resting heart rates,measured in beats per 
minute, of all three groups were decreased significantly. Group. LH 
showed the greatest reduction, a mean difference of 8.4 beats between 
The ~ean difference of Group HL was 5.2 beats initf1al and final tests. 
and I hat of Group C, 5.9 beats. The change of Group LH is significant 
at t e 1% level, while those of Group HL and Group Care significant at 
the 5% level. The reduction in resting heart rates is commonly attribu-
ted to many forms of physical training, though not to weight training. 
Hoogerwurf1 as well as Bramwell and Ellis found Olympic runners to have 
lower than normal heart rates due to endurance training. This was not 
true for weight lifters as Bramwell and Ellis point out. Olympic 
weight lifters exhibited an average rate of eighty beats.per minute 
according to their research, 2 and this is slightly higher than normal. 
The results of this study do not agree with the findings of the in-
vestigators cited. Weight training would appear here to bring about 
the same effect on resting heart rate as endurance training (e. g. 
1 Hoogerwurf cited in Steinhaus, 11Chronic Effects of Exercise, 11 
p. 113. 
2Bramwell and Ellis cited in Steinhaus, 11Chroni_c Effects of 
Exercise,rt p. 113. 
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TABLE 6 
COM~rRISONS WITHIN GROUPS OF INITIAL AND FINAL RESTING MEASUREMENTS 
~ OF SELECTED PHYSIOLOGICAL RESPONSES 
I Standard I Standard Difference; 
FactOir Group Cases Means Devi a- Error of Between t 
.I tion Means Means 
. Hear·{fl LH1 19 75.6 8.9 2. 1 -8.4 4. 007dc Rate LH2 19 67.2 
(BeatsV 
19 76.4 -·-M.) HL1 9. 1 2.2 -5.2 2.36" HL2 19 71.2 
c1 18 79.2 
_,_ 
9.0 2.2 -5.9 2.11" 
c2 18 73.3 
Respira- LH 1 19 14. 1 2.8 0.7 1.1 1.67 
tory 'I LH2 19 13.0 Rate 
(Ins. /Ill.) HL1 19 13.3 3.4 0.8 1.6 2.00 HL2 19 11.7 
c1 18 14.3 2.7 0.7 0.7 1 .00 
c2 18 15.0 
Volume! LH 1 19 4.57 0.62 0; 15 -0.49 3 • 067dc •I 
of Res., LH2 19 4.08 
. t• I p 1 ra ten 
( L. /M .It HL 1 19 4.00 1.09 0.26 0.00 0.00 Sq. M .. ) HL2 19 4.00 I 
c1 18 4.42 0.56 o. 14 0.00 0.00 
c2 18 4.42 
.i 
Oxyg~~l~· LH1 18 0.178 -J...-·k 0.024 0.006 -0.021 3-50 Consump,- LH 2 18 0.157 
tion 
(L./M.f: HL1 17 0. 158 0.010 0.003 0.001 0.33 
Sq. M.) HL2 17 0.157 
18 0.172 
_,_ 
c1 0.019 0.005 -0.011 2.20" 
c2 18 0. 161 
' j 
l 
I 
71 
TABLE 6--Continued 
Standard Standard Difference 
Factor Group Cases Means Devia- Error o,.f Between t 
tion Means Means 
Volume LH 1 19 0.358 0.084 0.020 0.014 0.70 
per LH 2 19 0.344 
Jnspir-
at ion HL1. 19 0-332 0.169 0.040 0.066 1.65 ( L ./sq. HL2 19 0.398 M.) 
cl 18 0.327 0.057 0.014 
c2 18 0.317 
0.010 0.71 
Venti 1a- LH1 18 0.040 0.006 0.002 0.001 0 .!)0 
tory LH 2 18 0.039 Efficien-
cy . HL 1 17 0.041 0.008 0.002 0.001 0.50 
HL2 17 0.040 
_,_._ 
c, 18 0.040 0.003• 0.001 -0.003 3.00"" 18 0.037 c2 
'''significant at 5% level. 
""''significant at 1% level. 
running). Were it not that the control group, Group C, showed a sig-
nificant decrease in heart rate, a conclusion of this type might be 
justified. As the data stands, the writer is left with little, if any, 
basis for concluding that the weight training brought about greater cir-
culo-respiratory efficiency as manifested by a reduced resting heart rate. 
The significant decrease of Group C certainly is not explainable 
in terms of a physical training effect. The only alternative explana-
tion is to recognize the possibility of the presence of extraneous 
factors arising in taking resting measurements. There is the possibility 
that more nervousness would be present in the initial administration of 
the test than in the final measurement. It should be noted, though, 
that this possibility was not indicated in the test-retest study in 
I 72 
i 
'·I 
which the mean resting heart rate on the retest exceeded that on the 
iniJial test by 0,8 beats per minute. The reliability coefficient on 
this measurement was .89 (Table 2). Donald B. Swegan reported the 
pre~rnce of nervousness in making heart rate measurements at restl and 
Laurence E. Morehouse has reported that the most reliable meas~rement 
of hlart rate is determined during exercise because of the presence of 
\ 
extraneous factors in measurements made at rest. 2 
Respiratory rate.--A· tendency toward greater respiratory economy 
is a~parent in the respiratory rate, measured in inspirations per 
minu~e, of both experimental groups. Both of these groups showed mean 
I 
I 
decre'ases in the final tests of 1.1 inspirations for Group LH and 1.6 q 
inspiirations for Group HL. Though neither of these mean differences is 
significant, the t of 1.67 and 1.99 for Groups LH and ~L. respectively, 
are high. These decreased respiratory tates are in keeping with the 
find itgs of Hoerneke, Kno 1l , and Ackerman who found that trained in d i -
viduals had slower resting respiration.3 Jn this measure Group C 
exhib,ted an increase in the mean respiratory rate in the final test of 
0.7 i1spirations, the t of which is 1.00. This tis not significant. 
;Vdlume of respiration.--The volume of respiration, measured in 
liters per minute per square meter of body surface, decreased in the 
'\lswegan, op. cit. 
2Laurence E. Morehouse, ~~Study of the Response of the Heart to 
Various Types of Exercise11 (unpublished Ph.D. dissertation,. State 
University of Jowa, 1941), p. 11. 
PHoerneke, Knoll, and Ackerman cited in Steinhaus, 11Chronic 
Effect\5 of Exercise, 11 p. 25. 
1 
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case of one group in the final test. The decrease was shown by Group 
LH 1ith a mean decrease of 0.49 liters, the t of which is 3.50, and this 
is at the 1% level. Group HL and Group C showed no significant change 
in the volume of respiration between initial and final tests. The 
i 
chanse reflected by Group LH is consistent with that shown by well 
trained individuals as reported by Edward c. Schneider and c. B. 
Crampton. They state that trained individuals exhibited a lower rest-
ing minute volume when it was calculated in terms of body surface. 1 
This method was used by· the writer in calculating minute volume of 
res~iration. 
Oxygen consumption.--tn oxygen consumption, measured in liters 
per minute per square meter of body surface, Groups LH, HL, and C 
shoJed mean decreases of 0.021 liters, 0.001 liters and 0.011 liters, 
I ' resp~ctively. These changes are significant for both Group LH and 
Group c. The t's produced by these mean differences are significant 
at t~e 1% and ~lo levels for Group LH and C, respectively. The change 
in Group HL between initial and final tests is not significant. The 
decrease of the experimental groups cannot be attributed to weight 
training since the same change is indicated for G~up c. The results 
do awpear to refute the findings of Morehouse and Miller which re-
~ 
veal$d the resting oxygen consumption tended to increase with training 
due to an increase in metabolic needs. 2 
~ 
lschneider and Cram~ton, lac. cit. 
2Morehouse and Miller, op. cit., p. 276. 
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Volume of air inspired.--This is a measure of the depth of breath-
ing measured in liters per inspiration per square meter of body surface. 
I 
Hoerneke, Knoll, and Ackerman revealed that trained individuals exhib~ 
i:ted deeper resting respiration. 1 That weight training, specifically, 
! 
brings about this_change is not clearly indicated iri this study. Table 
6 shows that the depth of breathing for Group LH and Group C decreased 
after the training period. Group HL on the other hand exhibited an in-
crease in depth of breathihg. None of these changes are significant. 
though the mean increase in the final test reported for Group HL produces 
a t of 1 .65. 
Ventilatory Efficiency.--lt is apparent in Table 6 that in the 
case of all three groups there was a mean decrease in ventilatory 
effiiciency after the training phase of the program. This ~easure con-
stitutes the ratio of oxygen consumed to the air inspired. It should be 
noted that only Group C exhibited a mean decrease in efficiency that is 
significant. The decrease of 0.003 liters is significant at the 1% 
le~el. Here the data reveals little, if any, change in circulo-
respiratory economy by the experimental groups and a significant loss 
in economy by Group c. 
Jn sum, it is safe to say that the experimental_ groups showed nc;> 
signs of impaired circulo-respiratory function as a result of weight 
tra~ning as indicated by these resting measurements. The results tend 
to irefute the observation of Steinhau~ who stated that weight training 
I 
decreased circulo-respiratory endurance because it adversely affected 
a qirculo-respiratory mechanism, specifical~y the heart. 
! 
I · lHoerneke, Knoll, and Ack~rman cited in Steinhaus, "Chronic Effects 
ofiExercise,u p. 125. 
I 
! 
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This adv.erse effect was manife'sted in an increased heart rate among 
weight lifters. 1 Such a tendency is not indicated in this data. 
In Table 7 a ·presentation of the dat~ secured during moderate 
exercise is made. In interpreting this table it should be borne in 
mind that improved circulo-respiratory efficiency would be manifested 
in lower metabolic costs during the final administration of the moderate 
exercise phase of the test than durihg th~ initial administration of 
the test. 
Heart rate.--Taple 7 reveals that the mean heart rat~,measured in 
beats per minute, decreased in the case of all three groups in the final 
test. As in the resting measurements some consistency in the order of 
the groups, relative to the sfze of the decrease,is apparent. The 
greatest change was effected in Group LH as this group showed a mean 
decrease of 5.4 beats per minute, the t of which is 3.90. This is sig-
nificant at the 1% level. The mean decrease of 5.2 beats exhibited by 
Grpup HL is significant at the 5"/o level. The 4.5 beat decrease of 
i 
Grbup C is not significant, though it is nearly so, producing a t of 
2.05. 
The findings on this factor are consistent with those of Metheny 
and others who found that trained individuals showed a lower pulse rise 
to sub-maximal work. 2 This does not explain the fact that Group C 
showed a sizeable decrease in heart rate during moderate exercise. The 
1steinhaus cited in Gill~sby, loc. cit. 
2Metheny and others, loc. cit. 
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TABLE 7 
COM•PARISONS WITHIN GROUPS OF INITIAL AND FINAL MODERATE EXERCISE 
MEASUREMENTS OF SELECTED PHYSIOLOGICAL RESPONSES 
Standard Standard Difference. 
Fact0r Group Cases Means Q1evia- Error of Between t 
tion Means Means 
Heart, LH 1 19 125.7 6.2 
_,_,_ 
1.5 -5.4 3.6o"" Rate I LH 2 19 120.3 (Beats/ 
M.) HL 1 19 127-5 .8.7 2.1 -5.2 2 .487' 
HL2 19 122.3 
cl 18 129.6 9.0 2.2 4.5 2.05 
c2 18 125. 1 
lliJ' 
Respira- LH 1 19 21.3 3-5 4.2 2.9 0 .'67 tory LH 2 19 18.4 Rate 
(lns./M.) HL 1 19 16.9 2.6 o.6 0.9 1.50 
HL2 19 16.0 
C1 18 17-9 2.3 0.6 0.7 1.20 
c2 18 17.2 
Volume of LH 1 19 12.98 0.93 0.22 0.07 0.32 Respira- LH2 1-9 12.91 
tion 
(L./M./ HL1 19 12.31 0.77 0.18 0.04 0.22 
Sq. M.) HL2 19 12.27 
C1 18 12.54 0.72 0.18 0.27 1.50 
c2 18 12.81 
Carbon LH 1 17 0.650 0.056 0.014 0.005 0.36 D i oxi d.e LH2 17 0.655 
Pro-
duct ion HL1 17 0.666 0.030 0.007 0.008 1.14 
(L./M ./ HL2 17 0.658 
Sq. M-·) 
C1 18 0.648 0.036 0.009 0.016 ]. 78 
c2 18 0.664 
' 
I 
l 
}or 
ReJ:p!i ra-~~.~.1t1~. ,n g e Ra i0 
. 
1 it 
I ~ 
U. 
" 
Group 
-LH l 
LH 
. 2 
HL1 
HL2 
c1 
c2 
LH 1 
Ll'l 2 
HL1 
HL2 
C1 
c2 
LH 1 
LH 2 · 
HL1 
HL2 
c, 
c2 
LH 1 
LH 2 
HL1 
HL 2 
cl 
cz 
Cases 
17 
17 
l7 
17 
18' 
18 
- 17 
. 17 
17 
~17 
18 
18 
19 
19 
19 
19 
18 
18 
17 
17 
17 
17 
18 
18 
TABLE 7-~continu~i 
• ,_l 
Standar~ f Standard 
Means E>evia- Error of 
0. '784' 
0.780 
0.781 
0 .}66 
0.757 
0.760 
0.829 
0.839 
0.852 
0.858 
0.855 
0.876 
0.672 
0.744 
0. 760 
0.813 
0.729 
0.782 
0.055 
0.055 
0.057 
0.057 
0.055 
0.055 
t1on Me~ns 
0.052 
0. 041 
0.046 
0.057 
0.020 
0.038 
0.090 
0.120 
0.095 
0.003 
0.005 
0.004 
0.013 
o.p10 
I :! 0.005 
o·:oo9 
:':. 
0.021 
0.028 
I ,, ~ 
~ 0.019 
' 0.008 
·i 
ij 
I 0.001 
i 
*significant at 5% level~ 
;\-.,\'Significant at 1% level. 
\1 
'!! 
I 
II 
.~ 
... · ... 
Difference.; 
'$,. Between t · 
0.004 0·.31 
0.015, 1 • 5.0 
0.003 0.2] 
0.010 0.63 
0.006 ~1 . 2,0 
+0.021. 
_,_ 
2.33" 
. +0 .0]'2 .J-1,. 3 .43''" 
0.053 1.89 
+0.053 2.3() 
0.000 o·~ so 
0.000 0.00 
0.000 
-
0.00 
.~'l' ,: 
i"' ,... 
0 
'" 
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fa t that the decreases of the experimental groups were significant, wh~reas that of the control group was not, may indicate some weight 
tr 1iriing effect, though this possibility is clouded by the large mean 
I 
de·rease of Group c. 
Respiratory rate.--The respiratory rate data, measured in inspira-
ti .ns per minute, in Table 7 shows that all three groups again per-
fo med the exerci~e in the final test with greater economy. Once again 
a ·onsistent pattern is seen as Group LH exhibited the greatest mean 
de rease, 2.8 inspirations per minute, followed by Group HL with 0.9 
in :pi rations per minute and the control Group C with 0.7 inspirations 
pe minute. None of the t 1s calculated from the data proved to be sig-
n i (i I cant. 
Volume of respiration.--The volume of respiration, measured in 
li ers per minute per squ~re meter of body surface, indicated no 
s i 
1
j n i fi cant change i ri respiratory economy between in it i a 1 and fi na 1 
ts for both experimental and control groups. The mean decr~ases of 
0. 7 liters.and 0.04 liters by Group LH and Group HL, respectively, 
toward an increased economy of respirat1on and the increase of 
c of 0.27 toward a decreased economy. Though none of these changes 
pr duces a t that is significant, the mean increase of Group C produces 
a t as high as 1 ;50. 
Carbon dioxide production.--ln carbon dioxide production, measured 
I liters per minute per square meter of body surface, no significant 
c anges are indicated by the computed t's for any of the groups. Group 
L increased· its mean carbon dioxide·production on the final test by 
0 005 liters. This produces at of 0.36. Group HL showed a mean 
I 
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ecrease in carbon dioxide production of 0.008 liters producing at of 
1
.14. Group C exhibited a mean increase in carbon dioxide production of 
1
.016 liters and this produces at of 1 .]8. 
,,,, 
Oxygen consumption --In Table 7 it is apparent that the experi-
/ental groups . ] exhibited greater economy in the consumption of oxygen 
, ,~n the final test than they did in the initial test. This factor was 
easured in 1 iters per minute per square meter of b.ody surface. The mean 
' 
i 
I 
. ! 
I 
ecrease of 0.004 liters for Group LH and 0.015 for Group HL are not 
ignificant, though the Group HL mean decrease produced a t of 1 .50. 
he control Group C in this measure shows an increase in oxygen consump-
ion. However, the increase is very small, only 0.003 liters. The di-
rection of the changes in oxygen intake by the experimental groups is 
onsistent again with what Metheny and others found to be characteristic 
of the better trained individual. 1 
Respiratory exchange ratio.--The measurement of the respiratory 
exchange ratio, the carbon dioxide produced to oxygen consumed, reveals 
that the.mean ratio of all three groups increased during moderate exer-
cise in the final test. In only the case of Group C is this change sig-
1 
hificant as the mean gain of 0.021 produces a t of 2.33. This is 
,significant at the 5% level. According tow. c. McNeely, trained sub-
jects have lower respiratory exchange ratios and experience a smaller 
rise in the ratio during exercise and recovery. 2 In this data decreased 
iefficiency is exhibited by all three groups, but only Group C appears 
1
to be significantly affected. 
'----------------------------------------~------------------------~--------
1I bid. 
2McNeely, loc. cit. 
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1:j Vo 1 ume 
in ~he depth 
of air inspired.--A11 three groups exhibited an Increase 
of breathing, measured in 1 iters per inspiration per 
squC~we meter of body surface, following the training program. The mean 
inc~ease of 0.072 liters of Group LH produces at of 3.43. This is 
sig~ificant at the 1% level. Group HL with a mean increase of 0.053 
pro?uces a t of 2.30 which is significant at the 5% level. Though these. 
chamges reflect a training effect, it is obvious that it cannot be 
att~ibuted to weight training, for Grou~ C, too, showed a significant 
incpease in their depth of breathing. The writer has no explanation 
forlthis occurrence. 
I Ventilatory ~fficiency.--Table 7 reveals that all the groups 
experienced no change in the ratio of the oxygen consumed to the air 
ins~ired. In this factor training would be reflected in a greater in-
tak¢ of oxygen per liter of inspired air. This effect was indicated in 
I 
the~investigations of Barman, Consolazio, and Moreira.l The data se-
cured in this experiment on this factor indicates that weight training 
doe~ not produce a training effect of this kind. 
In sum, five of the eight measurements made during moderate exer-
cis~ on the bicycle ergometer of Group LH indicate an increased economy 
of ~ffort. Two of the factors reflect a significant lhcrease in econo-
I 
my. Two of the measurements reflect a decrease in the economy of 
I 
of 1effort. Neither of the latter is significant. In one factor the 
g~otp experienced no change. 
sh;fs that this group performed the moderate exercise on the fi na 1 
In the,case of Group HL the data 
1Barman, Consolazio, and Moreira, loc. cit. 
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t st with greater economy on six of the eight factors tested. Only 
i 
o~e of these factors, heart rate, shows a significant increase in the 
e~onomy of effort. In one factor, the data for this group reflects a I~ . 
d4creased economy of effort. This change is not statistically signifi-
1 
c 1nt. There was no change in one factor. The data for Group C shows a 
t ndency toward increased· circulo-respi~atory efficiency in three Qf the 
e·ght factors measured, only one of these changes being significant, and 
t'ward decreased efficiency in four of the factors measured. 
I 
Only one 
these changes is significant. With this group, also, no change was 
in one factor. Though there appears to be a tendency toward 
i creased circulo-respiratory efficiency 1n the cases of the experimental 
and a decreased efficiency on the part of Group C, this ·conclusion 
be drawn with any degree of certainty. Again it can be said, at 
best, that there is no indication that weight training has any adverse 
! 
circulo-respiratory efficiency as measured during moderate 
' Time of all-out exercise.--That weight training increases 
'irculo-respiratory endurance is indicated in Table 8. In this table 
he data measured in seconds during all-out exercise on a bicycle 
J1rgometer is presented. Using the time interval elapsing between the 
ltart pf exercise and the point at which the heart rate reaches 180 
feats per minute as the measure of endurance, it is apparent that the 
experimental groups increased their ability to sustain activity as a 
esult of weight training. As well as indicating improved endurance 
:ime, the data reveals an improved circulatory response to all-out 
I 
lxercise since the response of the heart to the same physic_al stress 
I,n initial and final tests was imp-roved in the final test. 
I'· 
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TABLE 8 
OMPARISONS WITHIN GROUPS OF INITIAL AND FINAL ALL-OUT EXERCISE 
MEASUREMENTS OF CIRCULO-RESPIRATORY ENDURANCE AND 
VOLUME OF RESPIRATION 
Standard Standard Difference· 
Group Cases Means Devia- Error of Between t 
tion Means Means 
LH 1 17 168-3 66.2 16.6 +44.8 
_,_ 
LH 2 17 213.1 
2.70" 
HL1 19 164.7 52.3 12.3 +37.7 3 .ot'':c 
HL2 19 202.4' 
c1 16 170.9 44.5 11.5 0.1 0.00 
c2 16 . 170.8 
Vol 'I LH 1 l 1 19.54 ume 1.55 0.49 0.07 0.14 I 
of Res- LH 2 11 19.61 
pi ~tion 
(L 'IM ./ HL 1 14 19.24 1.82 0.50 1.00 2.00 
s '. M .) HL2 14 20.24 
cl 9 17.80 1.47 0.52 1.09 2. l 0 
c2 9 18.89 
*significant at 5% 1 eve l. 
.... r_r_. 
1% l eve 1 . ""Significant at 
Group LH increased their mean cycling time on the final test by 
44 8 seconds, a mean difference that produces a t of 2.]0. This is 
si 1nificant at the 5% 
! 
1 eve l . Group HL increased its mean peddling time 
by 37.7 seconds and this difference produces a t of 3.0]. This is sig-
ni icant at the 1% level. Group C showed a decrease in its ability to 
su tain activity. The mean decrease was 0.1 seconds, a negligible time 
! 
di ference. 
I 
I 
: 
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Volume of respiration during all-out exercise.--Table 8 also ' I 
includes a statistical treatment of the volume of respiration, 
mea~ured in liters per minute per square meter of body surface, dur-
' I 
ing,all-out exercise. A greater economy of ventilation would be 
reflected in a decreased intake of air in the final test. Table 8 
ind,cates that such a tendency is not reflected in the performance of 
thejgroups. All groups increased their intake in the final test with 
Gro p LH showing the smallest change ofQ07 liters and Group C again 
exhi!biting the greafest change, 1.09 liters. None of the t 1 s produced 
I 
wer¢ significant. 
The all-out exercise time data indicates that the experimental 
groLps, as a result of weight training, were able to perform all-out 
I 
exercise with greater circulatory efficiency, thereby extending the 
time over which exercise was continued before physiological limits 
wer1 reached. This same economy is not reflected in the respiratory 
mea,urement of the minute volume of air inspired. On the contrary, 
the1e is a decreased economy of effort reflected in the measurement of 
thiJ\ factor. Evidently circulatory factors play a more important role 
in Girculo-respiratory endurance than respiratory factors. This is 
con~istent with a statement of Morehouse and Miller to the effect 
tha~ the.ultimate limiting factor in exercise is circulatory. 1 At 
anylrate~weight training appears to i~prove circulo-respiratory 
endwrance. 
I 
1Morehouse and M~ller, op. cit., p. 137. 
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arisons of Grou s on Final Test Measurements 
Tables 9, 10, 11, 12, and 13 present the final test measurement 
of the groups. Means again were calculated from the formula· 
The pooled standard deviation formula suggested 
y Henry E. Garrett was used in the determination of this measure: 1 · 
SD 
he standard error was computed using the formula: 
jr~+ 
. \Nl 
i[)(t- _1) 
N . r.)(v 2. ' 
arrett points 6ut that the correlation term must be introduced in the 
amputation of the standard error where groups are matched on varia-
les. He states that 11When two groups are matched on one function, 
heir variability is restricted to those functions correlated with 
I 2 
he matching test.u Since the groups used in this study were matched 
:n two rather than one variable, the correlation coefficient in the 
I 
'tandard error formula above becomes, as Garrett also states, tta mul-· 
r 
·_ iple correlation coefficient.u3 
! 
1Garrett, op. cit., p. 206. 
2 Ibid., p. 214. 
3 Ibid. 
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The r•s for all test factors with each of the equating factors 
were computed separately by groups. and combined. The formula used 
was: 
The~e r 1s are presented in Table 9. 
The computation of multiple correlation was done using the formu-
la suggested by Quinn McNemar: 1 
The Beta terms in this formula are computed from the formulas: 
(3,~~ 
I 
I 
Multiple 
r rz. - 1",3 123 
'2. 
t- '~3 
r,3- -r 12-lz3 
J- fz~ 
correlations were calculated only where each of the two single 
correlation coefficients for each factor exceeded ± .25. By using the 
~lo level of confidence it was found that correlations under± .25 were 
notlsignificantly different from a .00 correlation. Since~there can be 
no dertainty that a true correlation exists in these cases, any single 
correlation less than ~ .25 was not used. In only two cases, as Table 
9 i~dicates, w~s it necessary to compute multiple correlations. These 
were for muscle strength whit!h produced a correlation of -.28 with the 
i 300~yard run time and .48 with body size. The multiple corre1ation 
was computed to be .59. In the all-out exercise measure of circulo-
res1iratory endurance a multiple correlation was also computed. 
This factor produced a correlation of -.25 with the 300-yard run time 
I 
1Quinn McNemar, Psychological Statistics (2d ed.; New York: John 
Wi1ty and Sons, Inc., 1954), pp. 173:-175-
I 
j_ 
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TABLE 9 
CORRELATION COEFFICIENTS OF FINAL TEST MEASUREMENTS WITH 
THE EQUATING FACTORS OF BODY SIZE AND THE 
300-YARD RUN TIME 
Factor 
Mlscle Girth 
R~st Heart Rate 
R~st Respiratory Rate 
R~st Volume Respiration 
R~st Oxygen Consumption 
R~st Volume Per Inspiration 
R~st Ventilatory Efficiency 
M~derate Heart Rate 
M~derate Respiratory Rate 
I 
derate Volume Respiration 
I 
oderate co2 Production 
1oderate o2 Consumption 
~oderate Respiration Exchange 
, Ratio 
I 
~oderate Volume Per Inspiration 
~oderate Ventilatory Efficiency 
.C.ll-out Exercise Time 
t.ll-out Exercise Volume of 
Respiration 
Cases Body Size 300-Yd. Run 
Coefficient Coefficient 
56 ·75 .03 
55 .40 .09 
55 .48 -.28 
56 .30 . 13 
56 . 03 . l 0 
-.07 -.01 
53 .01 -.61 
56 -.04 .17 
53 .26 .05 
-.30 .22 
-.97. -.01 
-.34 .09. 
52 -.34 -.06 
52 -.33 -.15 
52 -.06 .32 
56 -.13 -. 05 
52 .19 - .. 0.6: 
52 .25 -.25 
34 • 19 • 06 
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and .25 with'body size. The multiple correlation was .37. 
In making the t test the formul~ 
.t 
was !used. 
I 
In Table 10, which contains the data on muscle girth,·skinfolds, 
and muscle strength, Group LH shows a significantly greater training 
effect than Group ~ on one factor, that being the mean difference in 
strength. The difference is 11.1 kilograms, and the t of 2.42 is 
I 
significant at the 5% level. No significant changes are indicated be-
tween Group HL and Group c. This data also reveals no differences 
between the experimental groups that would indicate that one or the 
oth~r group participated in an exercise program that was superior to 
the other. 
In Table 11, which contains resting circulo-respiratory response 
data, the experimental groups exhibit significantly greater efficiency 
than Group C in certain resting measurements. The resting heart rate 
dat'il shows Group LH to have a mean rate of 67.2 beats per minute, which 
is significantly less than the mean rate of 73.3 of Group C at the 5% 
level. The respiratory rate mean difference of 4.3 inspirations per 
minute between groups HL and C is also significant at the 1% level, 
indicating greater economy in respiration by Group HL. Table 11 also 
shows that Group HL and Group Care significantly.different in Venti-
latory efficiency with Group HL exhibiting the greater degree of 
efficiency. The t of 3.00 is significant at the 1% level. Table 11 
i 
rev~als no:significant difference between Group LH and Group HL on 
I 
any of the factors measured at rest on the final tests. 
88 
TABLE 10 
COMPARl SONS OF GROUPS ON FINAL TEST MEASUREMENTS OF SELECTED AN-
~I THROPOLOG!CAL AND STRENGTH FACTORS 
,, 
Standard Stand~ rd Difference 
Fhctor Group Cases Means Devia- Error of B.etween t 
I tion Means Means 
' I 
ML sc1e LH 2 18 165.5 9.5 2.1 2.9 1.38 Gi ,t-th c2 18 162.6 
(c ~.) 
HL2 19 165.8 8.6 1.9 3.2 1.68 
c2 18 162.6 
LH2 18 165.5 8.8 1.9 0.3 0.16 : Ht2 19 165.8 I 
Sk l LH2 19 24.8 3.4 4.2 1.24 r- 11.2 fo ds c2 17 29.0 
(M :0.) 
24.5 HL2 19 10.4 3.2 4.5 1.43 
c2 17 29.0 
LH 2 19 24.8 6.1 1.9 0.3 0. 17 i HL2 19 24.5 
. I 
Mu~c1e LH 2 18 106.5 17. 1 4.6 -11 . 1 2.42.'"' 
·I 95.4 St 
1
ength Cz 18 
(K . ) 
I HL2 19 102.4 17.0 4.5 7. 1 1.57 
c2 18 95.4 
LH 2 18 106 .5 16.5 4.4 4.1 0.92 HL2 19 102.4 
""significant at 5% 1eMe1. 
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TABLE l l 
COMPARISONS OF GROUPS ON FINAL RESTING MEAS~REMENTS 
:I 
OF SELECTED PHYSIOLOGICAL RESPONSES 
Standard I Difference S tanda r~ 
Factor Group Cases Means Devia- Error of Between t 
tion Means Means 
Hear~ LH 2 19 67.2 3 :o +6. l -t~ Rate:i c2 18 73-3 9.5 2.03" (Beats/ 
M.) I HL2 19 71.2 9.5 3.0 2. l 0.71 
c2 18 73.3 
I 
I 
LH 2 19 67.2 9.5 2.9 4.0 1.38 HL2 19 71.2 d, 
I LH 2 19 l3 .0 Resrrra- 4.2 1.4 2.0 1.47 tory I c2 18 15.0 
Rate I 
HL2 19 11.7 
.._,_,_ (lnsi/M.) 4. l 1.4 +4.3 3.03"" 
c2 18 15.0 
LH2 19 13.0 4.5 1.5 1.3 0.90 
HL2 19 11.7 
Volume of LH 2 18 4.08 0.80 0.27 0.34 1 . 26 
Respr ra- c2 18 4.42 
tion 
(L./~. I HL2 17 4.00 0..91 0 .30! 0.42 1 .40 Sq.' M.) c2 18 4.42 
LH 2 18 4.08 0.84 
I 0.08 0.27: 0.30 
HL2 17 4.00 
Oxyg~n LH2 19 0.157 0.017 0.0~5 0.004 0.80 
Cons Pimp- c2 18 0.161 
ti onf, 
(L./~./ HL2 19 o. 157. 0.017 o.oq5 0.004 0.80 Sq. M.) c2 18 0.161 I . ! 
LH 2 19 0.157 0.017 o.oq4 0.000 0.00 HL2 19 0.157 
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i ' 
I 
TABLE 11--Continued 
Standard Standard Difference·· 
Group Cases Means Devia- Error of Between t 
t;ion Means Means 
LH 2 18 0.344 0.120 0.040 0.027 0.75 
c2 18 0.317 
HL2 19 0.398 0.201 0.067 0.081 1.21 
c2 18 0.317 
:U::l2 19 0.344 0.194 0.063 0.054 0.86 
;· HL2 19 0.398 
I 
Ven } i 1 a- LH 2 18 0.039 0.004 0.001 0.002 2.00 
to c2 18 0.037. 
Ef i c i en-
... t-J .. 
cy i/ HL2 17 0.040 18 
0.004 0.001 0.003 3.00"" 
c2 0.037 
LH 2 18 0.039 HL2 17 0.040 
*Significant at 5% level. 
'id'Significant at 1% level. 
0.006 0.002 0.001 0.50 
The groups are compared on final test measurements taken during 
mo erate exercise in Table 12. No significant differences between any 
tw .of the three groups on any one of the eight factors ~easured appears 
in the statistical analysis of the data. 
In Table 13 the all-out exercise measure reveals mean diff~rences 
I 
of! 42.2 seconds and 31.5 seconds between Group LH and Group C, and Group 
H and Group C, respectively. Though these mean differences produce t•s 
o i 1.57 and 1.35, which are not significant, there is some indication of 
proved endurance performances by the experimental groups compared to 
t ~t of the control group. The measure of minute volume during the all-
k performance reveals no significant differences between the groups. 
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TABLE 12 
COMPARISQ\JS OF GROUPS ON FINAL MODERATE EXERCISE MEASUREMENTS OF 
II 
SELECTED PHYSIOLOGICAL RESPONSES 
,, 
ractor Standard Standard Difference . Group Cases Means Devia- Error of Between t 
tion Means Means 
LH 19 120.3 11.2 3.5 4.8 1.37 te c 18 125. 1 
eats/ 
. ) HL 19 122.3 10.5 3-3 2.8 0.85 
c 18 125. 1 
LH 2 19 120.3 8.5 2.6 2.0 0.77 HL2 19 122.3 
LH 2 19 18.4 5.4 1.8 1 . 2 0.66 
c2 18 17.2 
HL2 19 16.0 4.1 1.4 1.2 0.91 
c2 . 18 17.2 
LH 2 19 18.4 5.5 1.8 2.4 1.35 HL2 19 16.0 
I 
LH2 19 12.91 'o1ume of 1. 76 0.54 0.10 0. 19 I , 
'espi ra- c2 18 12 .,81 
~ion (L./ 
'./sq. M.) HL2 19 12.27 1.41 0.44 0.54 1.23 
c2 18 12.81 
LH 2 19 12.91 1.93 0.59 0.64 1 . 08 HL2 19 12.27 
I LH 2 17 0.655 Carbon 0.068 0.022 0.009 0.41 Dioxide c2 18 0.664 
ro-
" 
uction HL 17 0.658 0.062 0.019 0.006 0.32 (L./M ./ c2 18 0.664 
Sq. M.) 2 
LH2 17 0.655 0.074 0.024 0.003 0.13 
HL2 17 0.658 
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I 
i TABLE 12--Continued 
11 I 
Fair 
.. I 
Stc:m-da rq . S-'talil.dadl Difference 
. I 
Group Cases Means Devia- Error of' Between t 
tion Means! Means 
Oxyge~ LH2 17 0.780 ! 0.048 0.015 0.020 1.33 Cons~ p- c2 18 o. 760 
tiom· 
(L.A ./ HL2 17 0.766 0.050 0.016 0.006 0.38 Sq ;t M.) c2 18 0.760 
LH 2 17 0.780 0.044 0.014 0.014 1 .00 HL2 17 0.766 
Res~~ra- LH2 17 0.839 0.071 0.023 0.037 1.61 tory~ c2 18 0.876 
Exc~'<fnge 
HL2 17 0.858 0.018 Rat!l . 0. 061 0.020 0.90 c2 18 0.876 
LH 2 17 0',839 0.069 0.023 0.019 0.83 
HL2 17 0.858 
"I LH2 19 0.744 Volufe 0.185 0.061 0.038 0.,62 per c2 18 .. 0. 78'2 
~~SF'ra-
HL2 19 0.813 0.180 0.066 0.031 0.47 .t1 om (L./r.M·J c2 18 0.782 
LH 2 19 0.744 0.177 0.062. 0.069 1.11 HL2 19 0.813 I 
Ventf.l a- LH2 17 0.055 0.007 0.002 0.000 0.00 
tory. c2 18 0.055 
~;f1ien- HL2 17 0.057 0.007 0.003 0.002 0.67 
c2 18 0.055 
I LH 2 17 0.055 0.008 0.003 0.002 0.67 ! 
HL2 17 0.057 
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TABLE 13 
I 
COM 1ARISONS.OF. GROUPS ON FINAL ALL-OUT EXERCISE MEASUREMENTS OF 
IRCULO-RESPIRATORY ENDURANCE AND VOLUME OF RESPIRATION 
Standard Standard D lfference' 
Group Cases Means Devia- Error of Between t 
tion Means Mea.ns 
LH2 17 213. 1 82.9 26.8 42.2 1.57 
c2 16 170.9 
HL2 19 202.4 73.9 23.3 31.5 1.35 
c2 16 170.9 
LH 2 17 213.1 83.4 25.9 10.7 0.41 
HL2 19 202.4 
LH 2 1 1 19.61 4.47 2.01 0.72 0.36 
c2 9 18.89 
HL2 14 20.24 3. 77 1 . 61 1.35 0.84 
c2 9 18.89 
LH2 1 1 19.61 4.51 1. 76 0.63 0.36 
HL2 14 20.24 
Though the changes in strength, resting heart rate, resting 
i 
resp :ratory rate,and resting ventilatory efficiency in Tables 10 and 
11 i ,
1
licate significantly improved physiological response on the part 
of o'e or the other of the experimental groups as compared to the con-
trol troup after training, the consideration of all resting and exercise 
fact rs in Tables 10, 11, 12, and 13 does not warrant a general con-
clus on of this kind. Since the significant improvement shown by the 
I 
expe:imental groups over the control group in certain resting measure-
! i 
ment is not substantiated in the moderate e~ercise responses of the 
I 
94 
i groupf• there can be no certainty that weight. training is superior to 
bait 1casting or archery in bringing about improved circulo-respiratory 
I 
chandes. Though the compac1sbhs ,of the all-out exercise times of the expe~f,mental groups with the control group produce t's which are not 
signilricant, the mean differences are such as to indicate that weight 
traiitng is probably superior to bait casting or archery in improving 
circulo-respiratory endurance. The data also indicates that neither 
I 
weig~t training system used in the study is superior to the other in 
incr~ising endurance or the efficiency of circulo-respiratory mechanisms. 
r
1
1 
I 
I 
:; 
I 
i 
'I ,, 
,i CHAPTER V 
SUMMARY, CONCLUSIONS~AND RECOMMENDATIONS 
surn1iJ1ary 
I 
I This study was undertaken to determine the effects of two 
sy~!tems of weight training on ci rculo-respi ratory endurance 
I 
and related 
h·:.,. lf p ~s1o og1ca actors. The problems to be resolved were two in 
I 
nurr1ber: 
I l. Determination of the effect of weight training .on circulo-
respiratory endurance and physiological factors indicative 
of circulo-respiratory efficiency, upon which circulo-
respiratory endurance depends. 
2. Determination of whether or not one system of weight train-
ing is superior or inferior to another in the nature of its 
effects on circulo-respiratory efficiency, and therefore 
circulo-respiratory endurance. 
The experiment was conducted at the University of Florida during· 
1 th~ spring semester of 1957-1958. Sixty freshmen student ~olunteers 
! 
were used and three groups of twenty students each were equated on the 
I 
I 
bas,is of their performance time in a 300--"-yard run and their body size·. 
i 
All three groups were subjected to a series of initial tests 
invl\olving circulo-respiratory endurance and the measurement of 
·circulo-respiratory responses. These determinations were made 
various 
with 
the subjects at rest, during a bout of moderate exercise~and during a 
95 
96 
b of all-out exercise. All testing was done while the subjects were 
, a post absorptive state between 6:00 A.M. aod 9:00 A.M. A bicycle 
e \ometer was used in making all exercise determinations. Moderate 
e lrcise determinations were made while the subjects performed 4275 ft. 
lb,. of work per minute. All-out exercise determinations were made 
I 
while the subject performed 10,026 ft. lbs. of work per minute. 
The factors measured were: 
A. At rest. 
1. Muscle girth in centimeters. 
2. Muscle strength in kilograms. 
3. Skinfolds inmillimeters. 
4. Heart rate in b~at~ per minute. 
5. Respiratory rate in inspirations per minute. 
6. Volume of respiration per minute in liters per square 
meter of body surface. 
7. Oxygen consumption per minute in liters per square 
meter of body surface. 
I: 8. Volume of air inspired per inspiration in liters per 
square meter of body surface. 
9. Ventilatory efficiency, the ratio of oxygen consumed 
to the air inspired. 
B. During moderate exercise. 
1. Heart rate in beats per minute. 
2. Respiratory rate in inspirations per minute. 
3. Volume of respiration per minute in liters per square 
meter of body surface. 
4. Carbon dioxide production per minute in liters per square 
meter of body surface. 
5. Oxygen consumption per minute in 1 iters per square meter 
of body surface. 
;·1;, ,, 
" ": fi 
' I ~ 
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I 
I 
' 
6. Respiratory exchange ratio (carbon dioxide produced to 
the oxygen consumed) per minute. 
7. Volume of air inspired per inspiration in liters per 
square meter of body surface. 
8. Ventilatory efficiency, the ratio of oxygen consumed 
to the air inspired. 
c. During all-out exercise. 
2. 
Time of all-out exercise (time elapsing between start 
exercise and the heart rate reaching 180 beats per 
minute level). 
Volume of respiration per minute in liters per square 
meter of body surface·. 
of 
I Following two and one half weeks of testing an eight week training 
pe~iod was begun. 
I 
I 
During this time one experimental group designated 
as iGroup LH participated in a weight training program in which a 
sy~tem of low repetition-high resistance exercises was used (2 sets -
5 repetitions maximum). 
Gr~lp HL, participated 
I 
of!high repetition-low 
The other experimental giou~. designated 
in a weight training program in which a system 
resistance exercises was performed (2 sets -
15 and. 12 repetitions maximum). The other group designated as Group C 
pa1ticipated in a minimum physical activity course in 
ar~hery. All groups met three times per week for one 
bait casting or 
hour of training. 
The eight week training program was followed by a two and one-
ha/lf week testing program. In this program the subjects submitted to 
th!e same s.eries of tests conducted during the initial testing period. 
i 
Rdsults of~tbe initial and final tests within each group, and the 
! 
final test results between groups were then compared statistically. 
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Conclusions 
I . 
: On the basis of the data compiled in Chapter IV, the writer draws 
r 
the allowing conclusions: 
1. Weight training does not have an adverse effect on circulo-
respiratory responses measu~ed at rest and during moderate 
exercise. 
2. Wejght training improves the response of an important circula-
tory factor measured during all-out exercise. The improved 
response is manifested in a delayed rise of the heart rate 
during all-out exercise. Since the heart rate response was 
used as the measure of circulo-respiratory endurance in this 
experiment, it follows that weight training increases circulo-
respiratory endurance. 
3. Neither system of weight training used in the study appears 
to be superior to the other in implementing improved circulo-
respiratory responses or improved circulo-respiratory 
endurance. This conclusion also holds for the improvement 
in muscle strength and indicates,that weight training 
systems in which up to fifteen repetitions pe·r set are used 
are approximately the same in their effectiveness in develop-
ing strength. 
4. On the basis of resting and moderate exercise circulo-
respiratory response measurements, weight training doe~ not 
appear to be significantly superior to participation in bait 
casting or archery in ~mproving responses. There is an 
'I 
99 l indication that weight training is superior to bait casting 
i 
i and archery in improving circulo-respiratory endurance as 
i measured during all-out exercise. 
ii 
!i Recom.mendations 
i Further research on this problem should be concerned ~ith a 
detailed study of the responses of the various: cireulo-respfratory 
mechanisms during all-out exercise. The variability of the duration 
of all-out exercise in initial and final tests, and time limitations 
i 
made!this step impossible in this study. All of the physiological 
factprs measured by the writer at rest and during moderate exer-
I 
cisel could be made during a bout of all-out exercise, keeping the 
exercise time constant. This, of course, would involve the measuring 
i 
of pbst exercise responses. A study of this type would undoubtedly 
thnl additional light on the problem. 
:I 
- ',; 
I 
,! 
I 
I 
I • 
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APPENDIX 
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TABLE 14 ; 
COMPARISONS OF GROUPS ON INITIAL TEST MEASUREMENTS OF 
i 
Factor 
Musc;1 e 
Gi r~h 
(em .1) 
Skih-fol~s 
(Mmi.) 
:I 
i 
I 
I Muscle 
I Strength 
. (Kgl) 
SELECTED ANTHROPOLOGICAL AND STRENGTH FACTORS 
Group Cases 
LH 1 18 
cl 18 
HL1 19 
cl 18 
LH l 18 
HL1 19 
LH1 19 
cl 17 
HL1 19 
cl 17 
LH 1 19 HL1 19 
LH 1 18 
cl 18 
HL 1 19 
cl 18 
LH 18 
HL l 19 1 
Standard 
Means Devi a-
tion 
159.9 9.9 160.6 
160.5 8.8 
160.6 
159.9 9. 1 
160.5 
27.4 10.2 
27.8 
24.3 9·5 27.8 
27.4 5.9 24.3 
94.4 
96.1 
17 ~7 
94.5 17.7 96.1 
94.4 
94.5 
15 ·9 
Boston Univarsit1 
School o~.Ed.uoa.tiott 
.iLil.~ . 
Standard Difference 
Error of Between 
Means Means 
3·3 0.7 
2.9 0. 1 
3.0 0.6 
3.4 0.4 
3.3 3.5 
2.0 3.1 
5·9 1.7 
5.8 1 .6 
5.2 0. 1 
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t 
0.21 
0.03 
0.20 
0.12 
1.06 
1.58 
0.29 
0.28 
0.02 
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~~OM PAR I SONS TABLE 15 OF GROUPS ON INITIAL RESTING MEASUREMENTS OF SELECTED PHYSIOLOGICAL RESPONSES 
" 
Factlr 
Standard Standard Difference 
Group Cases Means Devia- Error of Between t 
I tion Means Means 
I LH 1 19 75.6 Hearii 11.9 3.9 3.6 0.92. Rate J cl 18 79.2 (Bea ;s/M.) 
HL 1 19 76.4 i . 10.0 3-3 2.8 0.85 
' cl 18 79.2 
LH 1 19 75.6 10.3 3.5 0.8 0.23 HL 1 19 76.4 
Resp il ra- LH 1 19 14. 1 4.4 1.4 0.2 0.14 tory: C1 18 14.3 
Rate I 
(Ins; /M.) HL1 19 13.3 4.1 1.3 1.1 0.84 
c1 18 14.3 
LH1 19 14.1 4.8 1.6 0.7 0.44 
HL 1 19 13.3 
Vol um!e of LH 1 ' 19 4.57 0.80 0.27 0.15 0.56 Resp i
1 
ra- c1 18 4.42 
tion i 
(L./M. I HL1 19 4.00 0.95 0.31 0~42 1.35 Sq. 1M.) cl 18 4.42 
I,.H 1 19 4.57 0.96 0.31 0.57 1.84 
HL 1 19 4.00 
Oxygen LH 1 18 0.178 ·o.o16 0.005 0.006 1.20 ConslJimp- c1 18 0.172 
tion• 
(L ./1./ HL1 17 0.158 0 .. 025 0.009 ·o.o14 1.56 
Sq. ,M.) c1 18 0.172 
18 0.178 -'· LH 1 0.026 0.009 -0.020 2.20" HL1 17 0.158 
Group ,!3.ases 
LHl 19 
c1 18 
HL1 19 
c1 18 
LH 1 
19 
H L.-1 19 
LH1 18 
c1 18 
y 
HL1 17 
c1 18 
LH 1 18 
HL1 17 
ignTficant at 
; ' 
-.'-.' ... :· 
1 r ,, 
. ; r 
I· ·' TABLE 15--Continued 
Standard s 
Means Devia-
tion 
0.358 0.111 
0.327 
·I 
0.332 0 ;·111 p •:t19.'3E> 0.327 
0.358 ,'i;' 0 .·120 p )~39 
0.332 
o :o4o 0~007 io: .. 002· 
o:o4o 
i ·~~l 
i fi 0.041 0 ~'007 [o .$02 
0.040 
0.040 0.008 
i "r 
iO .~002 
0.041 
5% 1 eve 1 . 
!f ~ 
L 
I • I. 
. / ' J' 
; " 
Difference 
Betwe.~n . :j .'t 
Meams 
.. :. ·. i .. ,•" ~· '• '" 
· ... ·.· .. · .- ·. 
0.000 
0 ··flOl 
0 .'001 
.··-:·· 
.::. . . ~-... 
· c_, . . . : ic;~£Ji:~~0~:/~::~ .• ,C..;~&~;g:,,, .~ 
I 
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TABLE 16 
COMPARISONS OF GROUPS ON INITIAL MODERATE EXERCISE MEASURE-
MENTS OF SELECTED PHYSIOLOGICAL RESPONSES 
" 
Facior 
Standard Standard Difference 
Group Cases .Means Devia- Error of Between t 
tion Means Means 
Hear~ . LH 1 19 125.7 12.9 4.4 3.9 0.89 Rate'! c1 18 129.6 
(BeaJs/M.) 
HL 1 19 127.5 11.8 3 .9 2. 1 0.54 
! c1 18 129.6 
i 
I· ·.LH 1 19 125.7 10.0 3.3 1 .8 0.55 
i HL1 19 127.5 
I 
Resp:i ra- LH 1 19 21.3 7.1 2.3 3.4 1.48 
tor~ C1 18 17.9 
Rate 
(I nsi ./M.) HL1 19 16.9 .4 •. 2 0.7 1 .0 1.39 
I C1 18 17.9 i 
LH 1 19 21.3 7.0 2.3 4.4 1.91 HL1 19 16.9 
Vo14me LH 1 19 12.98 1 :63 0.63 0.44 0.83 
oif c1 18 12.54 
ResrJira-
tio~ HL1 19 12.31 1.45 0.59 0.23 0.49 (L·1M./ c1 18 12.54 
Sq1 M.) 
I LH1 19 12.98 1.73 0.67 0.67 1.20 I 
! HL1 19 12 .31 
. I 
LH1 17 0.650 Carl)on 0.061 0.021 0.002 0.10 
Diofide C1 18 0.648 
ProT 
17 0.666 duct ion HL1 0.066 0.022 0.018 0.82 I 18 0.648 (L. {M ./ C1 
Sq" M.) 
I LH 1 17 0.650 0.072 0.025 0.016 0.64 I HL1 17 0.666 I 
I 
[ 
~i\ 
I 
I 
•I ,, 
i 
Factor 
:1 Oxyge~ 
Consump-
tion 
(L./M:./ 
Sq. ~.) 
: 
Resp~·lra-
tory 
Exchange 
Ratio, 
Volume 
per • 
lnspi(a-
tion' 
(L./Sq.M.) 
Vent l 1 a-
toryi 
Efficiency 
TABLE 
Group Cases Means 
LH 1 17 0.784 
c1 18 0.757 
HL1 17 0.781 
c1 18 0.757 
LH 1 17 0.784 
HL1 17 0.781 
17 0.829 LH 1 
c, 18 0.855 
HL1 17 0.852 
c, 18 0.855 
LH 1 17 0.829 HL1 17 0.852 
LH 1 19 0.672 
C] 18 0.729 
HL1 19 0.760 
c, 18 0.729 
LH 1 19 0.672 HL1 19 0.760 
LH 1 17 0.055 
c1 18 0.055 
HL1 17 0.057 
c1 18 0.055 
LH 1 17 0.055 
HL1 17 0.057 
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16--continued 
Standard Standard D i ffe renee:-
Devia- Error of Between t 
tion Means Means 
0.052 0.018 0.027 1.50 
0.052 0.018 0.024 1.33 
0. 061 0.021 0.003 0.14 
0;046 0.015 0.026 1. 73 
0.046 0.015 0.003 0.23 
0.050 0.017 0.023 1.35 
0.183 0.060 0.057 0.95 
Q. J 53 0.050 0.031 0.60 
0.183 0.059 0.088 1.49 
0.007 0.002 0.000 o.oo 
0.008 0.003 0.002 0.67 
0.006 0.002 0.002 1.00 
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TABLE 17 
COM PAR I SONS 0 F GROUPS ON INITIAL ALL-OUT EXERCISE MEASUREMENTS 
OF CIRCULO~RESPIRATORY ENDURANCE AND VOLUME OF RESPIRATION 
Factr Standard Standard 
Difference· 
Group Cases Means Devia- Error of Between t 0 
tion Means Means 
A11-:-G>Ut LH 1 17 168.·3 94.1 32.7 2.6 0.08 Exerq: i se c1 16 . 170.9 
Time! 
(Sec~) HL 1 19 164.7 79.2 26.9 6.2 0.23 
c1 16 170.9 
LH 1 17 168.3 79.8 26.7 3.6 0.13 HL1 19 164.7 
VolufJ1e LH 1 1 1 19.54 lf. 19 1.90 1.74 0.92 
of c1 9 17.80 
Resp ira-
tion HL 1 14 19.24 3.30 1.40 1.44 1.03 (L./1\1./ c1 9 17.80 
Sq.:M.) 
LH 1 11 19.54 4.13 1.60 0.30 0.19 HL 1 14 19.24 
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APPEND I X II 
F.T. - Final Test 
Q) . D.. Q) 
..£: _-!-' Q) D.. Q) Q) E E 
.j..J cu .j..J . E .j..J .j..J . . :J 
..£: O'l 0::: cu ~ ..-., :J cu cu ~ ,.---. -o Ill 1-
.j..J c ......., 0::: 0 . Ill 0::: .......... 0::: 0 . 0 c . 
1- Ill Q) .j..J . > ~ c . ......., > ::::0:: !... 0 . c Sub-- --··- - "- .. !... 1- ::::0:: . ......., 0 ......., .j..J ~ . . ......... 0.. u .......... x..-., . 0 .......... ~ ......., .j..J ~--:::.=. =co·-~ -- =Q._ -·--=- . . u . !... 0. ::E . . ......-...-·-·- -·--- -- -=-w== ~0. =- ,...;;; . .. 
ject 4-l . 0 . (f) . Q) Ill Ill ::::0:: c ...J ::::0:: cu Ill Ill ......... c ...J N . N ::::0:: u Ill ...--. Ill Q) E 4- E O'l :c 4-l Q) ......... ·- '--' N ......... • Q). +-l Q) . ·- .__,. 0 ::::0:: 0 ......... +-l Q) 4-l Q) . 
No. Q) ~ u c ::::0:: Q) ~ cu 0::: . :::E: 0 . :c cu 0::: Ill ::::0:: u ......... . :J(f) :JO::: ~ 1- u .__, ·- ......... ~ .__, +-l Q) Ill . ...J Q) c . . . ...J 0'--" 0 
Ill .:Y.. u Ill en 4-l c +-l 0. +-l .......-- . en . - . 0. . ...J -o '--' I I . . 
:J (f) Ill Q) ..__. Ill 
-
Ill Ill Ill -o ..__. -o ..__. -o Ill -o '--' 0 ~ ~~ ...J 
::::0:: :J 0::: Q) ..__. Q) Q) Q) 0 0 0 Q) o· ::0:: ~ ,..... 0 '--' 
::::0:: 0::: 0::: 0::: 0::: ::::0:: :::E: ::::0:: 0::: :::E: ~ ~> 
-- --·--
(,T. 161 .3 24 115.5 . 71.4 9.1 7.25 .412 126.3 16.7 30.71 1 .600 1 . 811 165 41 .86 
F.T. 160.0 24 129.8 68.1 9.6 6.80 
·333 122.8 18.6 30.26 1 . 503 1 .694 195 45.54 
(.T. 179.4 24 115.8 .. 80.6 19.6 7.29 • 2'62 123.4 19.6 23.21 1 . 151 1 .393 290 43.56 
2 F .T. 173.0 25 133.0 77.1 11.7 6.44 .251 125.4 18.8 25.61 1 .252 1.459 295 44.88 
l.T. 172.4 24 118.7 77.1 10.9 16.9o .440 105.4 13.6 2L~.92 1 • 186 1 .545 
3 F .T. 172.9 24 135.0 65.7 8.6 10.23 .399 108.3 14.1 25.51 1 .290 '1 .505 
I. T. 193·9 26 141 -3 62.3 15.3 7.78 .303 119.4 18.3 23.80 1.204 . 1 ;.499 250 47.94 
4 F .T. 195·5 25 152.2 63.4 12. 1 7.51 .345 122.8 18.7 24.09 1 • 185 1 .517 255 44.52 
l.T. 177.4 24 110.2 61.1 14.7 11 .56 .370 106.6 . 14.7 24.44 1 .175 1 .368 
5 F .T. 178.4 24 121.7 70.8 13.6 13.01 .378 112.0 13.4 22.06 1 .026 1 .301 
1 .r. 180.3 23 130.2 55.4 14.6 7.49 .337 121.7 22.1 24.55 1.139 1 • 3 01 275 49.32 
6 F.T. 180.5 23 145.5 65.7 15.9 6.77 .325 122.6 23.6 25.90 1 • 186 1 ·372 245 96.38 
(.T. 178.6 24 116.7 82.8 19.7 8.00 ·336 125.2 14.1 23.02 1.153 1.496 465 45.96 
7 F.T. 179.6 24 110.3 88.6 10.1 10.29 ·350 121 .4 14.7 23.62 1 . 138 1.464 381 48.48 
t.T. 165.6 24 134.3 77.6 13.3 11 .69 .351 129.2 20.0 24.25 1 .159 1 ·576 171 61.74 
8 F.T. 166.0 23 141 .8 67.4 13.4 9.31 .344 127.2 18.6 22.30 1 . 1 19 1 .449 175 58.32 
I.T, 158.9 23 118.0 74.8 12.9 9.82 
·373 125.2 20.1 34.96 1 .489 1 .608 240 54.72 
9 F .r. 158.4 24 125.S 87.4 12 ·3 10.35 .414 127.7 20.4 39.17 1 .641 1. 723 255 61 .92 
(.T. 184.2 23 126.1 36.6 12.1 5.92 .278 87.3 17.7 24.93 1.219 1 .346 420 
10 F.T. 184.7 24 152.5 37.1 12.9 7.11 .313 81.2 19.0 26.68 1 .216 1 .360 426 
f.T. 171 . 1 23 130.3 57.7 10.7 6.83 .294 108.8 19.3 29.70 1 .375 1 .455 165 44.58 
11 F.T. 171.1 23 137.8 60.0 13.1 7.66 .321 116.8 19.7 31 .55 1 .391 1 .545 171 42.18 
-(.T. 181 .2 132.8 70.0 10.0 9.06 
·335 106.3 9.3 20.03 1 .167 1 .422 310 46.02 0 co 
12 F.T. 181 . 0 126.0 70.9 7.3 8.69 .348 106.8 11.7 25.06 1 . 260 1 .528 271 47.34 
- In it i a 1 Test 
- Final Test 
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,sa 11 F. T. 1 .88 164.8 36 
I • T. 
coe F.T. 
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I • T. 
1.95 
1.97 
1.78 
1. 78 
1.91 
171.0 38 
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I . To 1 . 69 142.9 11 
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96 . 7 7 0 . 8 11 . 1 3 . 9 .168 ·359 .042 122.4 17.1 14.17 .829 .835 .993 .828 .051 
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79 • 3 88 . 4 6 • 1 3 • 77 
112.5 66.8 12.6 5.04 
113. L• 58.8 12.3 3 . 49 
66.4 21.3 4.41 
62.4 22.9 4.74 
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.196 
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.207 
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70.4 68.8 10.3 4.32 .162 .419 .038 120.0 17.9 14.66 .]25 .812 .893 .819 .049 
man F.T. 1.72 149ol 13 80.7 56.0 14.3 3.94 .142 .276 .036 119.6 18.9 15.01 .]72 .851 .907 ·794 .050 
an-
son 
s 
in-
nus 
au 
y 
. er-
h 
ley 
I.T. 2.00 181.2 32 124.8 77.6 
F.T. 2.02 185.3 27 150.6 62.8 
I.T. 1.76 157.5 31 104.9 63.6 
F. T. 
I. T. 
F.T. 
I • T. 
F.T. 
I • T. 
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I • T. 
F .T. 
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F. T. 
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F. T. 
I • T • 
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1. 79 
2.02 
2.04 
1. 75 
1. 75 
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1.68 
1.68 
1.81 
1.81 
1.93 
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1.90 
163.2 24 
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169.9 34 
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148.8 
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166.3 
169.1 
174.0 
152. 1 
158.2 
36 
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17 
14 
30 
27 
26 
29 
17 
20 
25 
25 
20 
18 
110.9 56.0 
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].6 3.02 .149 .397 .049 132.4 15.1 11.04 .640 .831 .no . 731 . 070 
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250 320 300 425 200 320 200 390 390 270 220 390 390 220 180 300 210 240 240 
425 375 500 500 325 450 375 535 600 500 475 445 500 375 450 475 450 525 525 
65 60 80 75 55 65 70 75 85 50 60 55 65 55 50 55 65 80 60 
75 65 90 85 65 70 70 80 95 70 75 70 70 60 70 75 75 90 80 
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